PROJECT
1526800

[ gL

PLANNING DOCUMENTS
VOLUME III OF 111
_ QUALITY ASSURANCE PROJECT PLAN
FINAL

REMEDIAL INVESTIGATION/FEASIBILITY STUDY

BELOIT CORPORATION
ROCKTON FACILITY
ROCKTON, ILLINOIS

. COPY

PREPARED FOR:

BELOIT CORPORATION
ROCKTON, ILLINOIS
PREPAI.?ED BY:
WARZYN INC.
MADISON, WISCONSIN
RECEIVED
JUN 22 1992

IEPA/DLPC



PROJECT
1526800

PLANNING DOCUMENTS
QUALITY ASSURANCE PROJECT PLAN
FINAL

REMEDIAL INVESTIGATION/FEASIBILITY STUDY

BELOIT CORPORATION
ROCKTON FACILITY
ROCKTON, ILLINOIS

JUNE 1992

PREPARED FOR:
BELOIT CORPORATION
ROCKTON, ILLINOIS

PREPARED BY:
WARZYN INC.
MADISON, WISCONSIN

LTt A/C //////e‘.

Kevér(]. Domack ) James E. Moser
Project Manager - / -RI Task Manager




AOC
ARAR
ASTM
CDO
CLP
CRDL
CRQL
CRL
DL
DQO
ESI
FIT
FSP
GC
HRS
HSP
ICP
IDL
IEPA
MS/MSD
NPL
PA
PRP
QA
QAO
QAPP
QAS
QC
R&D Center
%R
RI/FS
RPD
RPM
SER
Site
SOP
SOwW
TAL
TDS
TCL

Beloit Corporation

Quality Assurance Project Plan

" Revision: |

Date: June 1992

Section: List of Acronyms and Abbreviations
Page 1 of 2

LIST OF ACRONYMS AND ABBREVIATIONS

Administrative Order on Consent
Applicable or Relevant and Appropriate Requirement
Amerigan Standards for Testing Materials
Central District Office

Contract Laboratory Program

Contract Required Detection Limits
Contract Required Quantitation Limits
Central Regional Laboratory

Detection Limit

Data Quality Objective

Expanded Site Inspection

Field Investigation Team

Field Sampling Plan

Gas Chromatograph

Hazard Ranking System

Site-Specific Health and Safety Plan
Inductively Coupled Plasma Spectrometer
Instrument Detection Limit

Tlinois Environmental Protection Agency
Matrix Spike/Matrix Spike Duplicate
National Priorities List

Preliminary Assessment

Potentially Responsible Party

Quality Assurance

Quality Assurance Officer

Quality Assurance Project Plan

Quality Assurance Section

Quality Control

Research & Development Center

Percent Recovery

Remedial Investigation/Feasibility Study
Relative Percent Difference

Remedial Project Manager

Site Evaluation Report

Beloit Corporation, Rockton Facility
Standard Operating Procedure

Statement of Work

Target Analyte List

Total Dissolved Solids

Target Compound List

RECEIVED
JUN 221992 |
IEPA/DLFPC



TIC

TOC
U.S. EPA
VOA
Warzyn

[mad-603-13b}

Beloit Corporation

Quality Assurance Project Plan

Revision: |

Date: June 1992

Section: List of Acronyms and Abbreviations
Page 2 of 2

Tentatively Identified Compound

Total Organic Carbon

United States Environmental Protection Agency, Region V
Volatile Organic Analysis

Warzyn Inc.



Beloit Corporation

Quality Assurance Project Plan
Revision: 1

Date: June 1992

Section: Introduction

Page 1 of 1

INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA) requires that all
environmental monitoring and measurement efforts mandated or supported by
U.S. EPA participate in a centrally managed quality assurance (QA) program.

Any party generating data under this program has the responsibility to implement
minimum procedures to assure that precision, accuracy, completeness, and
representativeness of its data are known and documented. To ensure the
responsibility is met uniformly, each party must prepare a written QA Project Plan
(QAPP) covering each project it is to perform.

This QAPP presents the organization, objectives, functional activities, and
specific Quality Assurance (QA) and Quality Control (QC) activities associated
with the Remedial Investigation/Feasibility Study (RI/FS) for the Beloit
Corporation Rockton Facility Site. This QAPP also describes the specific
protocols which will be followed for sampling, sample handling and storage,
chain-of-custody, and laboratory and field analysis.

All QA/QC procedures will be in accordance with applicable professional
technical standards, U.S. EPA requirements, government regulations and
guidelines, and specific project goals and requirements. This QAPP is prepared
by Warzyn Inc. (Warzyn) in accordance with the U.S. EPA QAPP guidance
documents:

« U.S. EPA, December 1980, Interim Guidelines and Specifications for
Preparing Quality Assurance Project Plans, QAMS-005/80.

« U.S. EPA, May 1991, Region V Model Superfund Quality Assurance
Project Plan.

« U.S. EPA, January 1989, Region V Content Requirements for Quality
Assurance Project Plan.

JAHMIH/IDD
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PROJECT DESCRIPTION
1.1 SITE HISTORY AND BACKGROUND INFORMATION '

The Beloit Corporation Rockton Facility (site) is located in Rockton Township, in
north-central Illinois. The site lies in a mixed industrial and residential area
approximately 3/4 mile north of the City of Rockton. The site occupies part of the
northern half of Section 13 and the southeast quadrant of Section 12, T46N, RI1E,
Winnebago County, Hllinois. :

The RI/FS boundary, as identified by the Illinois Environmental Protection
Agency (IEPA), includes Beloit Corporation property, the neighboring
Blackhawk Acres Subdivision and United Recovery Property. The site is
bounded on the north by Prairie Hill Road, on the west by the Rock River, on the
south by a line projected along a Beloit Corporation access road from Blackhawk
Boulevard to the Rock River, and on the east by Blackhawk Boulevard.

The Beloit Corporation, a subsidiary of Harnischfeger Industries, is a
manufacturer of machines that produce layered paper products from paper pulp.
Site features located on the Beloit Corporation property include the plant, a
research and development center (R&D Center), wastewater treatment facility, a
foundry sand disposal area, fibrous sludge spreading area, gravel pit and storage
areas. Additional buildings located on the site include United Recovery, Safe-T-
Way, and homes in the Blackhawk Acres Subdivision.

1.2 PAST DATA COLLECTION ACTIVITY/CURRENT STATUS

The site was officially entered on the National Priorities List (NPL) on August 30,
1990, with a hazard Ranking Score’ of 52.08.

The site has been subject of a number of investigations since 1980. A discussion
of the investigations is provided in the Site Evaluation Report (SER) (Warzyn,
1991).

1.3 PROJECT OBJECTIVES AND SCOPE

The purpose of the Rl is to gather sufficient information to quantify risk to public
health and environment (Baseline Risk Assessment) and to develop and evaluate
viable remedial alternatives (Feasibility Study) at the site. The objectives of the
RI are to determine the nature and extent of contamination at the site in order to
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support the activities of the FS. The objective of the RI/FS is to develop and
evaluate appropriate remedial action alternatives based on the RI/FS data.

The primary remedial objectives of the data collection are as follows:

* Collect sufficient data on all contaminated media to support the baseline
risk assessment and feasibility study,

* Further define the nature and extent of groundwater contamination, as well
as identify potential source(s) of the contamination,

* Acquire data necessary to determine potential contaminant migration
pathways and transport rates,

¢ Further define the nature and extent of on site soil contamination, and
* Determine background groundwater and soil quality.

All tasks, subtasks and activities are directed toward the accomplishment of these
primary objectives. Refer to the Work Plan for a detailed description of the RI
tasks, subtasks and activities.

1.4 SAMPLE NETWORK DESIGN AND RATIONALE

The sample network design and rationale for sample locations is described in
detail in Section 3 of the FSP (refer to Appendix A).

1.5 PARAMETERS TO BE TESTED AND FREQUENCY

Sample matrices, analytical parameters, and frequencies of sample collection can
be found in Table 1-1. A summary of sample volume, bottle, preservative, and
packaging requirements is provided in Table 1-2.

1.6 INTENDED DATA USAGE AND DATA QUALITY OBJECTIVES

Data Quality Objectives (DQOs) are qualitative and quantitative statements which
specify the quality of the data required to support decisions made during the
RI/FS activities, and are based on the end uses of the data to be collected. As
such, different data uses may require different levels of data quality. There are
five analytical levels which address various data uses and the QA/QC effort and
methods required to achieve the desired level of quality. These levels are:
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« Screening (DQO Level 1): This provides the lowest data quality but the
the most rapid results. It is often used for health and safety monitoring at
the site, preliminary comparison to Applicable or Relevant and
Appropriate Requirements (ARARs), initial site characterization to locate
areas for subsequent and more accurate analyses, and for engineering
screening of alternatives (bench-scale tests). For the site, data generated
under DQO Level 1 are for health and safety monitoring. Health and
Safety Monitoring activities are described in the Site-Specific Health and
Safety Plan (HSP) and are not covered in this QAPP.

« Field Analyses (DQO Level 2): This provides rapid results and better
quality than in Level 1. This level may include mobile laboratory
generated data depending on the level of quality control exercised. For the
site, data generated under DQO Level 2 are: the determination of pH,
conductivity, temperature, and water level measurements in groundwater.
In addition, soil gas and groundwater VOC data generated by field GC are
considered DQO Level 2.

 Engineering (DQO Level 3): This provides an intermediate level of data
quality and is used for site characterization. Engineering analyses may
include mobile laboratory generated data and some analytical laboratory
methods (e.g., laboratory data with quick turnaround for screening, but
without full quality control documentation, or confirmed identification and
quantification data, with built-in QA/QC, including calibration runs,
surrogate standards, etc., and external QA/QC such as duplicate samples,
field blanks, etc.). For the site, data generated under DQO Level 3 are the
physical characterization of soils for grain size distribution, and the
indicator parameters (alkalinity, chloride, sulfate, total dissolved solids
(TDS), nitrate and nitrite nitrogen, ammonia nitrogen, and total phenolics)
for groundwater samples.

o Confirmational (DQO Level 4): This provides the highest level of data
quality and is used for purposes of risk assessment, evaluation of remedial
alternatives, and Potentially Responsible Party (PRP) determination.
These analyses require full Contract Laboratory Program (CLP) analytical
and data validation procedures in accordance with U.S. EPA recognized
protocol. For the site, data generated under DQO Level 4 are the Target
Compound List (TCL) organic and Target Analyte List (TAL) inorganic
parameters for groundwater and soil matrices.

» Non-Standard (DQO Level 5): This refers to analyses by non-standard
protocols, for example, when exacting detection limits or analysis of an
unusual chemical compound is required. These analyses often require
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method development or adaptation. The level of quality control is usually
similar to DQO Level 4 data. These analyses require full CLP analytical
and data validation procedures in accordance with U.S. EPA recognized
protocol. DQO Level 5 data is not anticipated for the site.

A summary of data generating activities, intended data uses and associated DQOs
for the site are presented in Table 1-3.

1.7 PROJECT SCHEDULE
A schedule of RI/FS activities for the site is presented in the Work Plan.

JAH/kml/IDD
[mad-603-13]
1526800.137
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2

PrROJECT ORGANIZATION
AND RESPONSIBILITY

At the direction of the IEPA and the Beloit Corporation, Warzyn will be
conducting all phases of the RUFS. Warzyn will perform the field investigation,
prepare the RI report, and perform the subsequent FS. Project management will
also be provided by Warzyn, under the direction of the Beloit Corporation. The
various quality assurance and management responsibilities of key project
personnel are defined below. Refer to Figure 2-1 for the project organizational
chart.

2.1 OVERALL RESPONSIBILITY

Ilinois EPA Remedial Project Manager
The IEPA Remedial Project Manager (RPM) is Mr. Paul Takacs. The RPM has
the overall responsibility for all phases of the RI/FS.

Beloit Corporation Site Project Manager

The Beloit Corporation Site Project Manager is Mr. Mike Radcliffe. The Site
Project Manager is responsible for implementing the project, and has the authority
to commit the resources necessary to meet project objectives and requirements.
The Site Project Manager’s primary function is to ensure that technical, fihancial,
and scheduling objectives are achieved successfully. He will report directly to the
[EPA RPM and will provide the major point of contact and control for matters
concerning the project.

Warzyn Project Manager

The Warzyn Project Manager is Mr. Kevin Domack. The Warzyn Project
Manager has the overall responsibility for ensuring that the project meets [EPA
objectives and Warzyn’s quality standards. In addition, he is responsible for
technical quality control and project oversight, and will provide the Site Project
Manager with access to corporate management.

The Beloit Corporation Site Project Manager and Warzyn Project Manager will:

RECEIVED
 Define project objectives and develop a detailed work plan schedule;

JUN 221992
IEPA/DLIFC
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« Establish project policy and procedures to address the specific needs of the
project as a whole, as well as the objectives of each task;

» Acquire and apply technical and corporate resources as needed to ensure
performance within budget and schedule constraints;

« Orient field leaders and support staff concerning the project’s special
considerations;

« Monitor and direct the field leaders;

» Develop and meet ongoing project and/or task staffing requirements,
including mechanisms to review and evaluate each task product;

e Review the work performed on each task to assess its quality,
responsiveness, and timeliness; '

e Review and analyze overall task performance with respect to planned
requirements and authorizations;

 Approve all external reports (deliverables) before their submission to the
[EPA;

 Ultimately be responsible for the preparation and quality of interim and
final reports; and

< Represent the project team at meetings and public hearings.

Warzyn Remedial Investigation Leader

The Warzyn RI Leader is Mr. Thomas Karwoski. The RI Leader is a support to
the Warzyn Project Manager. He is responsible for leading and coordinating the
day-to-day activities of the various resource specialists under his supervision. The
RI Leader is a highly experienced environmental professional and will report
directly to the Warzyn Project Manager. Specific responsibilities include:

e Provision of day-to-day coordination with the Project Managers on
technical issues in specific areas of expertise;

+ Development and implementation of field-related work plans, assurance of
schedule compliance, and adherence to management-developed study
requirements;

7]
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« Coordination and management of field activities including sampling,
drilling, and field staff;

+ Implementation of QC for technical data provided by the field staff
including field measurement data;

« Adherence to work schedules provided by the Project Managers;
« Review and approval of text and graphics required for field team efforts;

« Coordination and oversight of technical efforts of subcontractors assisting
the field team;

« Identification of problems at the field team level, discussion of resolutions
with the Project Managers, and provision of communication between team
and upper management; and

o Participation in the preparation of the final RI report. ¢

Technical Staff

The technical staff for this project will be drawn from Warzyn’s pool of corporate
resources. The technical team staff will be utilized to gather and analyze data, and
to prepare various task reports and support materials. All of the designated
technical team staff are experienced professionals who possess the degree of
specialization and technical competence required to effectively and efficiently
perform the required work.

Warzyn Quality Assurance Officer

The Warzyn Quality Assurance Officer (QAO) is Mr. John Dadisman. The QAO
will remain independent of direct job involvement and day-to-day operations, and
has direct access to corporate executive staff as necessary to resolve any QA
dispute. He is responsible for auditing the implementation of the QA program in
conformance with the demands of specific investigations, Warzyn’s policies, and
U.S. EPA requirements. Specific functions and duties include:

 Provide QA audit on various phases of the field operations;
 Review and approval of QA plans and procedures; and
 Provide QA technical assistance to project staff;

IEPA Quality Assurance Officer
The IEPA QAO has the responsibility to review and approve the QAPP. The
[EPA QAO is Mr. Jim Shaw.

’
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2.2 SPECIALIZED RESPONSIBILITIES
2.2.1 Monitoring and Sampling Operations and QC

* Principal Engineering Firm - Warzyn, Madison, Wisconsin

¢ Drilling - To be determined through bidding process.

« Sampling, Monitoring and Survey - Warzyn, Madison, Wisconsin

« On Site Day-to-day Field Activities - RI Leader, Warzyn, Madison,
Wisconsin

¢ Quality Control - QAO, Warzyn, Madison, Wisconsin

2.2.2 Laboratory Key Personnel

Laboratory Project Manager - The Warzyn Laboratory Project Manager is Gordon
Gerry. The CompuChem Laboratory Project Manager is Angela Haas. The
Laboratory Project Manager is responsible for ensuring all resources of the
laboratory are available on an as-required basis and providing an overview of the
final analytical reports.

Laboratory Operations Manager - The Warzyn Laboratory Operations Manager is -

Gordon Gerry. The CompuChem Laboratory Operations Manager is Richard
Bloom. The Laboratory Operations Manager coordinate laboratory analyses, and
oversee sample analysis, data review, and report preparation. The Laboratory
Operations Manager approves the final report prior to submission.
Laboratory Quality Assurance Officer - The Warzyn Laboratory Quality
Assurance Officer (QAQ) is Rick Mealy. The CompuChem Laboratory QAO is
Robert Whitehead. The laboratory QAO is responsible for overview of all
QA/QC, and as such conducts detailed data reviews. In addition, all corrective
actions are approved by the QAO.
Laboratory Sample Custodians - The Laboratory Sample Custodian will:

* receive and inspect the incoming sample containers

¢ record the condition of the incoming sample containers

* sign appropriate documents

» verify correct chain-of custody

* notify appropriate laboratory of sample receipt and inspection

|
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+ assign unique laboratory identification number to each sample and enter
into the sample receiving log

« initiate transfer of the samples to the appropriate lab sections

« control and monitor access to sample and extract storage, and maintain in-
house custody

2.2.3 Laboratory Analysis

« Analysis of groundwater and soil samples as for TCL organics specified in
Table 1-1:

CompuChem Laboratory
3308 Chapelhill/Nelson Highway
Research Triangle Park, North Carolina, 27709

o Analysis of groundwater and soil samples for TAL inorganics as specified
in Table 1-1:

Warzyn Inc.

One Science Court
University Research Park
Madison, Wisconsin, 53711

« Analysis of samples for indicator parameters (alkalinity, chloride, sulfate,
total dissolved solids (TDS), nitrate and nitrite, ammonia, total phenolics)
as specified in Table 1-1:

Warzyn Inc.

One Science Court
University Research Park
Madison, Wisconsin, 53711

« Analysis of sediment/soil samples for physical characteristics (grain size
analysis) as specified in Table 1-1:

Warzyn Soils Laboratory,
505 Science Drive
Madison, W1 53711
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2.2.4 Laboratory Data and QC
Laboratory Data

¢ Analytical protocol specified - Warzyn, Madison, Wisconsin

¢ Review of analytical protocol - CompuChem, Warzyn technical staff

¢ Review of analytical procedures - IEPA Quality Assurance Section (QAS)

¢ Internal QA/QC - Laboratory QAO, CompuChem, Warzyn

¢ Final data review and validation - Chemist, Warzyn, Madison, Wisconsin

¢ Review of tentatively identified compounds and assessment of need for
confirmation - Chemist, Warzyn, Madison, Wisconsin

2.2.5 Performance and Systems Audits
Field Operations

¢ Internal Audits - QAO, Warzyn, Madison, Wisconsin
e External Audits - IEPA

Analytical Laboratories

¢ Internal Audits - Laboratory QAO, CompuChem, Warzyn
o External Audits - [EPA

Final Evidence File
¢ Final Evidence File Audits - QAO, Warzyn, Madison, Wisconsin
JAHMAIDD
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3

QUALITY ASSURANCE OBIJECTIVES
FOR MEASUREMENT DATA

The overall QA objective is to develop and implement procedures for field
sampling, chain-of-custody, laboratory analysis, and reporting that will provide
results which are legally defensible in a court of law. Specific procedures for
sampling, chain-of-custody, laboratory instruments calibration, laboratory
analysis, reporting of data, internal quality control, audits, preventative
maintenance of field equipment, and corrective action are described in other
sections of this QAPP. The purpose of this section is to address the specific
objectives for accuracy, precision, completeness, representativeness, and
comparability.

3.1 LEVEL OF QUALITY CONTROL EFFORT

Field blank, trip blank, duplicate, and matrix spike samples will be analyzed to
assess the quality of the data resulting from the field sampling program. Field and
'trip blanks consisting of deionized water, will be submitted to the analytical
laboratories to provide the means to assess the quality of the data resulting from
the field sampling program. Field blank samples are analyzed to check for
procedural contamination at the site which may cause sample contamination. Trip
blanks are used to assess the potential for contamination of samples due to
contaminant migration during sample shipment and storage. Duplicate samples
are analyzed to check for sampling and analytical reproducibility. Matrix spikes
provide information about the effect of the sample matrix on the digestion and
measurement methodology. Matrix spikes are performed in duplicate for organic
analyses, and are hereinafter referred to as matrix spike/matrix spike duplicate
(MS/MSD) samples. MS/MSD samples are designated/collected for organic
analyses only.

The general level of the QC effort will be one field duplicate and one field blank
for every 10 or fewer investigative samples. One volatile organic analysis (VOA)
trip blank consisting of deionized, ultra pure water, will be included along with
each shipment of aqueous VOA samples.

MS/MSD samples are investigative samples. Soil MS/MSD samples require no
extra volume for VOAs or extractable organics. However, aqueous MS/MSD



Beloit Corporation

Quality Assurance Project Plan
Revision: 1

Date: June 1992

Section: 3

Page 2 of 4

samples must be collected at triple the volume for VOAs and double the volume
for extractable organics. One MS/MSD sample will be collected/designated for
every 20 or fewer investigative samples per sample matrix (i.e., groundwater,
soil). The number of field duplicate and field blank samples to be collected for
this site are listed in Table 1-1. Sampling procedures are specified in the FSP
(refer to Appendix A).

Soil and groundwater samples will be sent to CompuChem and Warzyn for
analysis. Parameter lists and required quantitation levels are summarized in
Tables 3-1, 3-2, and 3-3.

The level of laboratory QC effort for testing of TAL inorganics and TCL organics
is specified in the current CLP Statements of Work (SOWs): ILMO01.0 for
inorganics, OLMO02.0 for organics. The levels of laboratory QC effort for
indicator parameters are specified in Table 3-6.

The level of field QC effort for pH, specific conductance and temperature is
specified in the method SOPs, and summarized in Table 3-6. The level of QC
effort for the field GC volatiles analysis is specified in the SOP presented in
Appendix C3, and summarized in Table 3-6.

3.2 ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES

The fundamental QA objective with respect to accuracy, precision, and sensitivity
of laboratory analytical data is to achieve the QC acceptance criteria of the
analytical protocols.

TCL Organics/TAL Inorganics

Laboratory analysis of TCL organics and TAL inorganics will follow the current
CLP SOWs (OLMO02.0 for organics, ILMO01.0 for inorganics). The accuracy and
precision, and sensitivity requirements are summarized within the CLP SOWs.

Indicators

SOPs for the indicator parameters (alkalinity, chloride, sulfate, TDS, nitrate and
nitrite nitrogen, ammonia nitrogen and total phenolics) are provided in Appendix
B. The accuracy and precision requirements of these analyses are summarized in
Table 3-6. The sensitivity requirements of these analyses are summarized in
Table 3-3.

Field Measurements
SOPs for the field equipment to measure pH, conductivity, and temperature are
provided in Appendix C. The accuracy and precision requirements of these
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analyses are summarized in Table 3-6. The sensitivity requirements of these
analyses are summarized in Table 3-3.

The SOP for the Field GC VOC Screening procedure is provided in Appendix C.
The accuracy and precision requirements are summarized in Table 3-6, and
sensitivity requirements in Table 3-4.

Physical Characteristics

Determination of grain size distribution will follow the method referenced in
Table 3-5. The SOP for the grain size distribution is provided in Appendix B.
The accuracy and precision requirements and sensitivity requirements for grain
size distribution analysis are summarized in Tables 3-6 and 3-3, respectively.

3.3 COMPLETENESS, REPRESENTATIVENESS,
AND COMPARABILITY

Completeness is a measure of the amount of valid data obtained from a
measurement system compared to the amount that was expected to be obtained
under normal conditions. It is expected that the participating laboratories will
provide data meeting QC acceptance criteria for 95 percent or more for all
samples tested using the SOWs and SOPs referenced in Section 3.2. Following
completion of the analytical testing, the percent completeness will be calculated
by the following equation:

Completeness (%) = A/B x 100

where, A = number of valid data
B = number of samples collected for each parameter analyzed

Representativeness expresses the degree to which data accurately and precisely
represent a characteristic of a population, parameter variations at a sampling
point, a process condition, or an environmental condition. Representativeness is a
qualitative parameter which is dependent upon the proper design of the sampling
program and proper laboratory protocol. The sampling network was designed to
provide data representative of site conditions. During development of this
network, consideration was given to past site activities, existing analytical data,
physical setting and processes, and constraints inherent to the Superfund program.
The rationale of the sampling network is discussed in detail in the FSP.
Representativeness will be satisfied by insuring that the FSP is followed, proper
sampling technique are used, proper analytical procedure are followed, and
holding times of the samples are not exceeded in the laboratory.
Representativeness will be assessed by the analysis of field duplicate samples.
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Comparability expresses the confidence with which one data set can be compared
with another. The extent to which existing and planned analytical data will be
comparable, depends on the similarity of sampling and analytical methods. The
procedures used to obtain the planned analytical data, as documented in the
QAPP, are expected to provide comparable data. These new analytical data,
however, may not be directly comparable to existing data because of differences
in procedures and QA objectives.
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SAMPLING PROCEDURES

Sampling procedures are described in the FSP which is contained in Appendix A
of this document.
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SAMPLE CUSTODY AND DOCUMENTATION

Itis U.S. EPA policy to follow the U.S. EPA sample custody, or chain-of-custody
protocols described in "NEIC Policies and Procedures", EPA-330/9-78-DDI-R,
Revised June 1985. This custody is in three parts: sample collection, laboratory
analysis, and final evidence files. Final evidence files, including all originals of
laboratory reports and purge files, are maintained under document control in a
secure area.

A sample or evidence file is under your custody if they:
e are in your possession;
« are in your view, after being in your possession;
« are in your possession and you place them in a secured location; or
e are in a designated secure area.

5.1 FIELD-SPECIFIC CUSTODY PROCEDURES

The sample packaging and shipment procedures summarized below will insure
that the samples will arrive at the laboratory with the chain-of-custody intact. The
protocol for sample designations are included in the FSP, Appendix A, of this
QAPP.

5.1.1 Initiation of Chain-of-Custody Field Procedures

The field sampler is personally responsible for the care and custody of the
samples until they are transferred or properly dispatched to the laboratory. As
FEW people as possible should handle the samples.

All bottles will be tagged with sample numbers and locations.

Sample tags are to be completed for each sample using waterproof ink unless
prohibited by weather conditions. For example, a logbook notation would explain
that a pencil was used to fill out the sample tag because the ballpoint pen would
not function in freezing weather.

~

5.1.2 Field Logbooks/Documentation

"Field logbooks will provide the means of recording data collecting activities

performed. As such, entries will be described in as much detail as possible so that
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persons going to the site could re-construct a particular situation without reliance
on memory.

Field logbooks will be bound, field survey books or notebooks. Logbooks will be
assigned to field personnel, but will be stored in the document control center
when not in use. Each logbook will be identified by the project-specific document
number.

The title page of each logbook will contain the following:

* person to whom the logbook is assigned,
* logbook number,

s project name,

s project start date, and

¢ project end date.

Entries into the logbook will contain a variety of information. At the beginning of
each entry, the date, start time, weather, names of all sampling team members
present, level of personal protection being used, and the signature of the person
making the entry will be entered. The names of visitors to the site, field sampling
or investigation team personnel, and the purpose of their visit will also be
recorded in the field logbook.

Measurements made and samples collected will be recorded. All entries will be
made in ink, and no erasures will be made. If an incorrect entry is made, the
information will be crossed out with a single strike mark. Whenever a sample is
collected, or a measurement is made, a detailed description of the location of the
station, which includes compass and distance measurements, shall be recorded.
The number of the photographs taken of the station, if any, will also be noted.
The equipment used to make measurements will be identified, along with the date
of calibration.

Samples will be collected following the sampling procedures documented in the
FSP, Appendix A, of this QAPP. The equipment used to collect samples will be
noted, along with the time of sampling, sample description, depth at which the
sample was collected, volume and number of containers. A sample identification
number will be assigned prior to sample collection. Field duplicate samples,
which will receive an entirely separate sample identification number, will be
noted under sample description.

5.1.3 Transfer of Custody and Shipment Procedures
Samples are accompanied by a properly completed chain-of-custody form. The
sample numbers and locations will be listed on the chain-of-custody form. When
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transferring the possession of samples, the individuals relinquishing and receiving
will sign, date, and note the time on the record. This record documents transfer of
custody of the samples from the sampler to another person to a mobile laboratory,
to the permanent laboratory, or to/from a secure storage area.

Samples will be properly packaged for shipment and dispatched to the appropriate
laboratory for analysis, with a separate signed custody record enclosed in each
sample box or cooler. Shipping containers will be locked and secured with
strapping tape and custody seals for shipment to the laboratory. The preferred
procedure includes the use of a custody seal attached to the front right and back
left of the cooler. The custody seals are covered with clear plastic tape. The
cooler is strapped shut with strapping tape in at least two locations.

Whenever samples are split with another source or government agency, a separate
sample custody record is prepared for those samples, and marked to indicate with
whom the samples are being split with. The person relinquishing the samples to
the facility or agency should request the representatives signature acknowledging
the sample receipt. If the representative is unavailable or refuses, the person
relinquishing the samples should note this in the "received by" space of the
custody form.

All shipments will be accompanied by the chain-of-custody record identifying the
contents. The original record will accompany the shipment, and the pink and
yellow copies will be retained by the sampler for returning to the sampling office.

If the samples are sent by common carrier, a bill of lading should be used.
Receipts of bills of lading will be retained as part of the permanent
documentation. If sent by mail, the package will be registered with return receipt
requested. Commercial carriers are not required to sign off on the custody forms
as long as the custody forms are sealed inside the sample cooler, and the custody
seals remain intact. The person shipping the samples should note the carrier name
and airbill number on the chain-of-custody record.

5.2 LABORATORY CHAIN-OF-CUSTODY PROCEDURES
Laboratory custody procedures for the sample receiving and log-in; sample
storage; tracking during sample preparation and analysis; and storage of data are
described in the individual laboratory custody SOPs provided in Appendix D.

5.3 FINAL EVIDENCE FILE CUSTODY PROCEDURE

The final evidence file for the Beloit Corporation RI/FS will be located at and
maintained by Warzyn. The content of the evidence file will include all relevant
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records, reports, correspondence, logs, field logbooks, laboratory sample
preparation and analysis logbooks/documentation, analytical data packages,
pictures, subcontractor reports, chain-of-custody records/forms, data review
reports, etc.. The evidence file will be under custody of the file custodian in a
locked, secured area. :
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6

CALIBRATION PROCEDURES
AND FREQUENCY

This section describes procedures for maintaining the accuracy of all the
instruments and measuring equipment which are used for conducting field tests
and laboratory analyses. These instruments and equipment should be calibrated
prior to each use oron a scheduled, periodic basis.

6.1 FIELD INSTRUMENTS/EQUIPMENT

Instruments and equipment used to gather, generate, or measure environmental
data will be calibrated with sufficient frequency and in such a manner that
accuracy and reproducibility of results are consistent with the manufacturer’s
specifications.

Equipment used during the field sampling will be examined to certify that itisin
operating condition. This includes checking the manufacturer’s operating manual
and the instructions for each instrument to determine that all prior equipment
problems are not overlooked, and all necessary repairs to equipment have been
carried out.

Calibration procedures and frequencies for field instruments are governed by the
specific field SOPs provided in Appendix C. Field measurements include pH,
specific conductivity, and temperature.

The field GC VOC screening instrument calibration requirements are similar to
those for laboratory instruments, and are provided in Appendix C.

6.2 LABORATORY INSTRUMENTS

Procedures for the calibration of laboratory instruments must be established and
maintained so that equipment is functioning properly and that data collected are
accurate and reliable. Requirements include step-by-step calibration procedures,
frequency of re-calibration, equipment maintenance logs, instrument accuracy
criteria, corrective action procedures and equipment limitations (e.g., working
ranges), and are described, in detail, in the SOPs provided in Appendix B, and the
CLP SOW:s for organics and inorganics.

JAHNI/IDD
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7

ANALYTICAL PROCEDURES

Groundwater and soil samples collected during field sampling activities for the
Beloit Corporation RI/FS will be analyzed by CompuChem and Warzyn. Refer to
Table 1-1 for matrices, number of samples, parameters, and the laboratory
performing the analysis.

7.1 FIELD SCREENING ANALYTICAL PROTOCOLS

The procedures for the field measurement of pH, temperature, and specific
conductivity are described in the SOPs provided in Appendix C.

The procedure for the field GC VOC Screening analysis is described in the SOP
provided in Appendix C.

7.2 LABORATORY ANALYSES

Samples (groundwater and soil samples) for CLP TCL organics will be analyzed

by CompuChem according to the analytical procedures set forth in the current
CLP SOW OLMO02.0.

Samples (groundwater and soil samples) for CLP TAL inorganics will be
analyzed by Warzyn according to the analytical procedures set forth in the current
CLP SOW ILMO1.0.

Groundwater samples for indicator parameters analyzed by Warzyn will follow
the SOPs in Appendix B.

Analysis of soils for physical characteristics will be performed by the Warzyn
Soils Laboratory using the methods provided in Appendix B.

Refer to Table 7-1 for a summary of analytical methods for all analyses.

JAHMIDD
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8

INTERNAL QUALITY CONTROL CHECK

8.1 FIELD SAMPLE COLLECTION

The assessment of field sampling precision and accuracy will be made through the
collection of field duplicates and field blanks in accordance with the procedures
described in the FSP (Appendix A of this QAPP). Refer to Table 1-1 for a
summary of sample numbers and required field QC samples.

8.2 FIELD MEASUREMENTS

QC procedures for field measurements of pH, specific conductivity, and
temperature are limited to checking the reproducibility of the measurements by
obtaining multiple readings on a single sample or standard, and by calibrating the
instruments. Refer to Table 3-6 for a summary of QC requirements.

QC procedures for field GC VOC screening are similar to those used for
laboratory analyses. Internal quality control checks are integrated into the
analytical methods. The overall objectives of the internal quality control checks
are to verify the established precision, accuracy and integrity of the methodology
and to support the technical validity of the data. Internal quality control checks
for field GC VOC analysis will include daily method blanks, field duplicates, and
continuing calibration standards. Refer to Table 3-6 for a summary of QC
requirements.

8.3 LABORATORY ANALYSIS

The laboratories used for the analysis of samples for the Beloit Corporation RVFS
(CompuChem and Warzyn Laboratories) have written QA/QC programs which
provide rules and guidelines to ensure the reliability and validity of work
conducted at the laboratory. Compliance with the QA/QC program is coordinated
and monitored by the laboratory QAOs, which are independent of the operating
departments. Laboratory procedures used are documented in writing and are
provided or referenced in this QAPP. Internal quality control checks are an
integral part of the analytical methods, and are discussed in detail within the
analytical procedures. The overall objectives of the internal quality control
checks are to verify the established precision, accuracy and integrity of the
methodology and to support the technical validity of the data. Where appropriate,
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internal quality control checks for other than those following the CLP SOWs will
include method blanks, preparation/reagent blanks, calibration check samples,
laboratory duplicates, matrix spikes and continuing calibration standards.

The required quality control frequency and performance criteria for TCL organics
and TAL inorganics are summarized in the current CLP SOWs OLM02.0 and
ILMO01.0, respectively. ‘

The required quality control frequency and performance criteria for the indicator
parameters, and grain size distribution are summarized in Table 3-6.

The performing laboratories will document, in each data package provided, that
both initial and ongoing instrument and analytical QC functions have been met.
Samples analyzed in non-conformance with the QC criteria set forth, will be
reanalyzed by the laboratory. It is expected that sufficient sample volume will be
collected for reanalysis.

JAHNI/IDD
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9

DATA REDUCTION, VALIDATION,
AND REPORTING

9.1 FIELD MEASUREMENTS AND SAMPLE COLLECTION

Raw data from field measurements and sample collection activities will be
appropriately recorded in the field logbook. Data will be reviewed to ensure
procedures were followed and QC requirements were met, however, no formal
data validation effort will be performed. If the data are to be used in the project
reports, they will be reduced onto data summary tables.

9.2 LABORATORY SERVICES ’

9.2.1 Data Reduction

Each laboratory is responsible for identification, quantification, data reporting,
and data deliverables for the analyses performed. Data reduction of TCL organic
will follow the requirements set forth in the CLP SOWs (OLMO02.0). Data
reduction of TAL inorganic and indicators data will follow the requirements set
forth in the CLP SOW ILMO1.0. Deliverables will include raw data, summaries
of calibration standards, duplicates, spikes, blanks, and performance evaluation
samples.

9.2.2 Data Validation

Organic data generated under a DQO Level of 4 will be validated by Warzyn
using National Functional Guidelines for Organic Data Review, Revised June,
1991, or most current guidelines available for each fraction (volatiles,
semivolatiles, and pesticides/PCBs).

Inorganic data generated under a DQO Level of 4 will be validated by Warzyn

using Laboratory Data Validation Functional Guidelines for Evaluating Inorganics
Analyses, July 1988, or most current guidelines.

Indicator data generated under a DQO Level 3 will be validated by Warzyn using
the Data Validation SOP provided in Appendix E.
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Grain size distribution data (DQO Level 3) will be reviewed to ensure procedures
were followed and QC requirements were met, however, no formal data validation
effort will be performed.

Refer to Table 1-3 for a summary of data generating activities, intended data uses,
and associated DQOs for the site.

9.2.3 Data Reporting

Analytical data generated for the site will be computerized in a format organized
to facilitate data review and evaluation. The computerized data set will include
the data qualifiers provided by the performing laboratory in accordance with the
CLP SOWs, as well as qualifiers added by the data reviewer in accordance with
the data validation procedures noted in Section 9.2.2 of this QAPP.

The laboratory-provided qualifiers will include such items as:

* non-detects,

¢ concentration below required detection limit,

* estimated concentration due to poor QC data, and

* concentration of chemical also found in the laboratory blank.

The data review qualifiers will indicate whether the data are:
* usable as a quantitative concentration,
¢ usable with caution as an estimated concentration, or

* unusable due to out-of-control QC results.
A summary of the validated data will be incorporated into the RI report.
JAHMHIDD
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PERFORMANCE AND
SYSTEM AUDITS

Performance and system audits of both field and laboratory activities will be
conducted to determine that sampling and analysis are performed in accordance
with the procedures established in the FSP and QAPP. The audits of field and
laboratory activities include two separate independent parts: internal and external
audits.

10.1 FIELD AUDITS

10.1.1 Internal Audits

Internal audits of field activities (sampling and measurements) will be conducted
by the Warzyn QAO and/or RI Leader. The purpose of the field audit will be to
evaluate and document adherence to procedures described in the QAPP and FSP.
The audit will include review of field activities, sample documentation,
chain-of-custody forms, field logbooks, and sampling and decontamination
activities. Follow-up audits will be conducted to correct deficiencies, and to
document that QA procedures are maintained throughout the investigation.

10.1.2 External Audits
External audits will be the responsibility of the IEPA.

10.2 LABORATORY AUDITS

10.2.1 Internal Audits

The purpose of the internal laboratory audit is to evaluate and document
adherence to analytical procedures described in this QAPP. Internal audits of the
participating laboratories are the responsibility of the individual laboratory QAO.
System audits will include examination of laboratory documentation on sample
receiving, sample log-in, sample storage, chain-of-custody procedure, sample
preparation and analysis, instrument operating records, etc., and will be performed
annually. Performance audits consisting of blind QC samples prepared and
submitted to the laboratory for analysis, will be performed quarterly. Results of
these blind QC samples will be reviewed by the laboratory QAO.
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10.2.2 External Audits

The Illinois EPA DL/QAS may audit performing laboratories and provide
recommendations for approval of the laboratory for the requested analyses to the
IEPA RPM. The audit may consist of a review of analytical and chain-of-custody
procedures, evaluation of performance samples, and may also include an on-site
audit of each participating laboratory.

JAHM/IDD
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11

PREVENTATIVE MAINTENANCE

11.1 FIELD INSTRUMENTS/EQUIPMENT

Field equipment used for this project include: thermometers, pH meter,
conductivity meter, gas-tech meter, electronic water level indicator, and sampling
and filtering equipment. Specific preventative maintenance procedures to be
followed for field equipment are those recommended by the manufacturer.

Field instruments will be checked and calibrated before they are transported to the
field. These instruments will be checked and calibrated daily before use.
Calibration checks will be performed as noted in Table 3-6 and will be recorded in
the field logbook.

Critical spare parts such as electrodes, batteries, and pH probes will be kept on-
site to minimize instrument down time. Backup instruments and equipment will
be available to avoid delays in the field schedule.

Preventative maintenance of the gas chromatograph (GC) for screening of VOCs
in the field will be as directed with manufacturer’s specifications, instrument
operating procedures, and the analytical method. Maintenance is carried out on a
regular, scheduled basis, and is documented in the instrument service logbook.
Emergency repair or scheduled manufacturer’s maintenance is provided by an on-
site technician or maintenance contract with the factory representative.

Routine preventative maintenance schedules are summarized in Table 11-1.
11.2 LABORATORY INSTRUMENTS

Preventative maintenance procedures for laboratory instrumentation and
equipment for TCL organics are referenced in the current CLP SOW OLM02.0.
Preveritative maintenance procedures for laboratory instrumentation and
equipment for TAL inorganics are referenced in the current CLP SOW ILMO1.0.

Preventative maintenance of laboratory instruments associated with the indicator
parameters will be as directed with manufacturer’s specifications, instrument
operating procedures, and analytical methods. Maintenance is carried out on a
regular, scheduled basis, and is documented in the instrument service logbook for
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each instrument. Emergency repair or scheduled manufacturer’s maintenance is
provided by an on-site technician or maintenance contract with the factory
representatives.

Routine preventative maintenance schedules are summarized in Table 11-1.
JAHAIDD
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12

SPECIFIC ROUTINE PROCEDURES
USED TO ASSESS
DATA PRECISION,
ACCURACY, AND COMPLETENESS

12.1 FIELD MEASUREMENTS

Field data will be assessed by the site QAO. The site QAO will review the field
results for compliance with the established QC criteria that are specified in the
QAPP and FSP. Accuracy of field measurements will be assessed using daily
instrument calibration, calibration check, and blank data. Precision will be
assessed on the basis of reproducibility by taking multiple readings of a single
sample. Data completeness will be calculated as follows:

Completeness = Valid Data Obtained x 100%
Total Data Planned

12.2 LABORATORY DATA

12.2.1 Precision .

Precision of laboratory analysis will be assessed by comparing the analytical
results between MS/MSD for organic analysis, and laboratory duplicate analyses
for inorganic and indicator analysis. The relative percent difference (RPD) will be
calculated for each pair of duplicate analysis results as follows:

RPD= |S-DI_ x 100%
(S +D)2

where, S = first sample value (original or MS value)
D = Second sample value (duplicate or MSD value)

12.2.2 Accuracy
Accuracy of laboratory results will be assessed based on the established QC
criteria that are described in Section 3 of this QAPP, using the analytical results of



Beloit Corporation

Quality Assurance Project Plan
Revision: 1

Date: June 1992

Section: 12

Page 2 of 2

T

method blanks, matrix spike samples, field blanks, and bottle blanks. The percent
recovery (%R) will be calculated as follows:

%R= A-B x 100%

C
where, A = The analyte concentration determined experimentally from the
spiked sample;
B = The background level determined by a separate analysis of the
unspiked sample; and
C =  The amount of the spike added.

12.2.3 Completeness

The data completeness of laboratory analysis results will be assessed for
compliance with the amount of data required for decision making. Completeness
is calculated by the following formula:

Completeness = Valid Data Obtained x 100%
Total Data Planned

12.2.4 Sensitivity

The achievement of method detection limits depend on instrument sensitivity and
matrix effects. It is important to monitor the instrument sensitivity to ensure the
data quality through constant instrument performance. The instrument sensitivity
will be monitored through the analysis of method blanks, calibration check
samples, and laboratory control samples.

JAHNIH/IDD
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13

CORRECTIVE ACTION

Corrective actions may be required for two classes of problems: analytical and
equipment problems, and noncompliance problems. Analytical and equipment
problems may occur during sampling and sample handling, sample preparation,
laboratory instrumental analysis, and data review.

For noncompliance problems, a formal corrective action program will be
determined and implemented at the time the problem is identified. The person
who identifies the problem is responsible for notifying the Warzyn Project
Manager, who in turn will notify the IEPA RPM. If the problem is analytical in
nature, information on these problems will be promptly communicated to the
Warzyn Project Manager, who in turn will notify the RPM or IEPA QAS.
Implementation of corrective action will be confirmed in writing through the same
channels.

Any noncompliance with the established quality control procedures in the QAPP
or FSP will be identified and corrected in accordance with the QAPP. The IEPA
RPM, or his designee will issue a nonconformance report for each
nonconformance condition.

Corrective actions will be implemented and documented in the field record book.
No staff member will initiate corrective action without prior communication of
findings through the proper channels. If corrective actions are insufficient, work
may be stopped by stop-work order by the RPM.

13.1 SAMPLE COLLECTION/FIELD MEASUREMENT

Technical staff and project personnel will be responsible for reporting all
suspected technical or QA nonconformances or suspected deficiencies of any
activity or issued document by reporting the situation to the Warzyn RI Leader, or
his designee. This manager, in consultation with the Warzyn Project Manager,
will be responsible for assessing the suspected problems and making a decision
based on the potential for the situation to impact the quality of the data. If it is
determined that the situation warrants a reportable nonconformance requiring
corrective action, then a nonconformance report will be initiated by the manager.
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The manager will be responsible for ensuring that corrective action for
nonconformances are initiated by:

¢ evaluating all reported nonconformances;

 controlling additional work on nonconforming items;

¢ determining disposition or action to be taken;

¢ maintaining a log of nonconformances;

« reviewing nonconformance reports and corrective actions taken; and

e ensuring nonconformance reports are included in the final site
documentation in the project files.

If appropriate, the Warzyn Project Manager will determine that, no additional
work that is dependent on the nonconforming activity, is performed until the
corrective actions are completed.

Corrective action for field measurements may include:

* Repeat the measurement to check the error;

¢ Check for all proper adjustments for ambient conditions such as
temperature;

¢ Check the batteries; .

* Re-calibration;

¢ Check the calibration;

¢ Replace the instrument or measurement devices; or

¢ Stop work (if necessary).

The Warzyn RI Leader, or his designee, is responsible for all site activities. In
this role, the Warzyn RI Leader, at times is required to adjust the site programs to
accommodate the site-specific needs. When it becomes necessary to modify a
program, the Warzyn RI Leader notifies the Warzyn Project Manager of the
anticipated change and implements the necessary changes after obtaining the
approval of the Project Manager. The change in the program will be documented
and signed by the appropriate personnel.

The Warzyn RI Leader for the site RIFS is responsible for the controlling,
tracking, and implementation of the identified changes. Reports on all changes
will be distributed to all affected parties, including the [EPA RPM, the Warzyn
Project Manager, and the Beloit Corporation Project Manager.

13.2 LABORATORY ANALYSIS

Corrective actions are required when an out-of-control event or potential out-of-
control event is noted. The investigative action taken is dependent on the analysis
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and the event. Laboratory personnel are alerted that corrective actions may be
necessary if:

QC data are outside the warning or acceptable windows for precision and
accuracy;

Blanks contain target analytes above acceptable levels;

Undesirable trends are detected in spike recoveries or RPD between
duplicates;

There are unusual changes in detection limits;

Deficiencies are detected by the QA Department during internal or
external audits , or from the results of performance evaluation samples; or
Inquiries concerning data quality are received.

Corrective action procedures are often handled at the bench level, by the analyst
who reviews the sample preparation procedure for possible errors and checks the
instrument calibration, spike and calibration mixes, instrument sensitivity, etc.. If
the problem persists, or cannot be identified, the matter is referred to the
laboratory supervisor, manager, or QAO for further investigation. Once resolved,
full documentation of the corrective action procedure is filed with the QA
Department.

JAHNI/IDD
[mad-603-130}
1526800.137
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14

QUALITY ASSURANCE REPORTS
To MANAGEMENT

Reports will be submitted to the IEPA as described in the Work Plan. Reports
will consist of monthly progress reports, technical memoranda, and the draft RI
report.

Monthly progress reports submitted to the IEPA will include:
« asummary of the validated sampling and testing results,

« adescription of activities completed during the past month, as well as
actions which are scheduled for the next month,

« asummary of target and actual completion dates for each activity,
+ changes in key personnel,

+ problems encountered and how they were resolved, and

« anticipated problems and recommended solutions.

The results of specific RI activities such as the Risk Assessment, and Site
Characterization will be submitted to the IEPA in the form of Draft Technical
Memoranda. Technical Memoranda will include the following:

« Source Characterization Results,
« Contaminant and Migration Pathways Characterization Results, and
o Baseline Risk Assessment.

A draft RI Report summarizing the RI activities will be submitted to the IEPA.
The report will characterize the site and summarize the data collected and
conclusions. The RI report will not be considered final until site characterization
activities are complete for the supporting remedial alternatives screening activities
and a letter of approval is issued by the [EPA RPM.

JAHMIDD
{mad-603-13p]|
1526800.137
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Target Compound List

TABLE 3-1

and Contract Required Quantitation Limits - Organics

Compound

Volatiles
Chloromethane
Bromomethane
Vinyl chloride
Chloroethane
Methylene chloride

Acetone

Carbon disulfide
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene (total)

. Chloroform

1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon tetrachloride

Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
Trichloroethene

. Dibromochloromethane

1,1,2-Trichloroethane

. Benzene
. trans-1,3-Dichloropropene

Bromoform

. 4-Methyl-2-pentanone

. . .. %
Quantitation Limits

Water
(ug/l)

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

Low Soil Medium Soil
(ug/kg) (ug/kg)

10 1200
10 1200
10 : 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200
10 1200



26.
27.
28.
29.
30.

3L
32.
33.

34.
35.
36.
37.
38.

39.
40.
4].
42.
43.

45.

47.
48.

49.
50.
51
52.
53.

54.
55.
56.

TABLE 3-1
(CONTINUED)

e ..
Quantitation Limits

Page 2

Water

Compound (ug/L)
2-Hexanone 10
Tetrachloroethene 10
Toluene 10
1,1,2,2-Tetrachloroethane 10
Chlorobenzene 10
Ethylbenzene 10
Styrene 10
Xylenes (total) 10
Semi-volatiles

Phenol 10
bis(2-Chloroethyl) ether 10
2-Chlorophenol 10
1,3-Dichlorobenzene 10
1,4-Dichlorobenzene 10
1,2-Dichlorobeznene 10
2-Methylphenol 10
2,2’-oxybis-(1-Chloropropane) 10
4-Methylphenol 10
n-Nitroso-di-n-dipropylamine 10
Hexachloroethane 10
Nitrobenzene 10
Isophorone 10
2-Nitrophenol 10
2,4-Dimethylphenol 10
bis(2-Chloroethoxy) methane 10
2,4-Dichlorophenol 10
1,2,4-Trichlorobenzene 10
Naphthalene 10
4-Chloroaniline 10
Hexachlorobutadiene 10
4-Chloro-3-methylphenol 10
2-Methylnaphthalene 10

Low Soil
(ug/kg)

10
10
10
10
10

10
10
10

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
330
330

Medium Soil
(ug/kg)

1200
1200
1200
1200
1200

1200
1200
1200

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000
10000
10000

10000
10000
10000



57.
58,

59.
60.
61.
62.
63.

65.
66.
67.
68.

69.
70.
71.
72.
73.

74.
75.
76.
77.
78.

79.
80.
81.
82.
83.

84.
85.
86.
87.
88.

TABLE 3-1
(CONTINUED)

Compound

Hexachlorocyclopentadiene
2,4,6-Trichlorophenol

2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene

2,6-Dinitrotoluene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol

Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl-phenyl ether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenol
n-Nitrosodiphenylamine
4-Bromophenyl-phenyl ether
Hexachlorobenzene

Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di-n-butylphthalate

Fluoranthene

Pyrene
Butylbenzylphthalate
3,3’-Dichlorobenzidine
Benzo(a)anthracene

Quantitation Limits

Page 3

Water
(ug/L)

10

25
10
25
10
10

10

25

10
25
25

10
10
10
10
10

25
10
10
10

25
10
10
10
10

10
10
10
10
10

Low Soil
(ug/kg)

330
330

800
330
800
330
330

330
800
330
800
800

330
330
330
330
330

800
800
330
330
330

800
330
330
330
330

330
330
330
330
330

Medium Soil
(ug/kg)

10000
10000

25000
10000
25000
10000
10000

10000
25000
10000
25000
25000

10000
10000
10000
10000
10000

25000
25000
10000
10000
10000

25000
10000
10000
10000
10000

10000
10000
10000
10000
10000



TABLE 3-1

(CONTINUED)
Page 4
Quantitation Limits"
Water Low Soil Medium Soil
Compound (ug/l) (ug/kg) (ug/kg)
89. Chrysene 10 330 10000
90. bis(2-Ethylhexyl)phthalate 10 330 10000
91. Di-n-ocylphthalate 10 330 10000
92. Benzo(b)fluoranthene 10 330 10000
93. Benzo(k)fluoranthene 10 330 10000
94, Benzo(a)pyrene 10 330 10000
95. Indeno(1,2,3-cd)pyrene 10 330 10000
96. Dibenzo(a,h)anthracene 10 330 10000
97. Benzo(g,h,i)perylene 10 330 10000
Pesticides/PCBs

98. alpha-BHC 0.05 1.7 1.7
99. beta-BHC 005 1.7 1.7
100. delta-BHC 0.05 1.7 1.7
101. gamma-BHC (Lindane) 0.05 1.7 1.7
102. Heptachlor 0.05 1.7 1.7
103. Aldrin 0.05 1.7 1.7
104, Heptachlor epoxide 0.05 1.7 1.7
105. Endosulfan I 0.05 1.7 1.7
106. Dieldrin 0.10 33 33
107. 4,4-DDE 0.10 33 33
108. Endrin 0.10 33 33
109. Endosulfan I 0.10 33 "33
110. 4,4’-DDD 0.10 33 33
111. Endosulfan sulfate 0.10 33 33
112. 4,4-DDT 0.10 33 33
113. Methoxychlor 0.50 17 17
114, Endrin ketone 0.10 33 33
115. Endrin aldehyde 0.10 33 - 33
116. alpha-Chlordane 0.05 1.7 1.7
117. gamma-Chlordane 0.05 1.7 1.7
118. Toxaphene 5.0 170 170-
119. Aroclor-1016 1.0 33 33

120. Aroclor-1221 2.0 67 67



Compound

121. Aroclor-1232
122. Aroclor-1242

123. Aroclor-1248
124. Aroclor-1254
125. Aroclor-1260

TABLE 3-1

(CONTINUED)
Page 5
Quantitation Limits"
Water Low Soil Medium Soil
(ug/L) (ug/kg) (ug/kg)
1.0 33 33
1.0 - 33 33
1.0 33 33
1.0 33 33
1.0 33 33

Quantitation limits listed for soil/sediment are based on wet weight. The
quantitation limits calculated by the laboratory for soil/sediment, calculated
on a dry weight basis as required by the method, will be higher.

JAHAmI/JDD/BLH
[mad-403-008¢]
1526800.137



TABLE 3-2

Target Analyte List and
Contract Required Detection Limits - Inorganics

Contract Required 1+2
Detection Limit
Analyte —(uefl)
1.  Aluminum 200
2. Antimony 60
3.  Arsenic 10
4. Barium 200
5 Beryllium 5
6 Cadmium 5
7. Calcium 5000
8. Chromium 10
9. Cobalt 50
10. Copper 25
11. Iron 100
12. Lead 3
13. Magnesium 5000
14. Manganese 15
15. Mercury 02
16. Nickel 40
17. Potassium 5000
18. Selenium 5
19, Silver 10
20. Sodium 5000
21. Thallium 10
22. Vanadium 50
23. Zinc 20
24. Cyanide _ 10
Notes:

1. Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D
(Alternate Methods - Catastrophic Failure) any analytical method specified in SOW Exhibit D
may be utilized as long as the documented instrument or method detection limits meet the
Contract Required Detection Limit (CRDL) requirements. Higher detection limits may only
be used in the following circumstance:

If the sample concentration exceeds five times the detection limit of the instrument or method
in use, the values may be reported even though the instrument or method detection limit may
no equal the CRDL. This is illustrated in the example below:



TABLE 3-2
(Continued)
Page 2

For lead:
Method in use = ICP
Instrument Detection Limit (IDL) = 40
Sample concentration = 200
CRDL =3

The value of 200 may be reported even though the instrument detection limit is greater than the
CRDL. The instrument or method detection limit must be documented as described in Exhibit
E.

2. The CRDL are the instrument detection limits obtained in pure water that must be met using
the procedure in Exhibit E. The detection limits for samples may be considerably higher
depending on the sample matrix. Soil/sediment detection limits are approximately 200 times
the CRDLs noted for water, and may vary as the soil/sediment results are reported on a dry
weight basis. Soil/sediment results are reported in mg/kg.

JAH/Am/JDD/BLH
[mad-403-008d]
1526800.137



TABLE 3-3

\ Indicators, Field Measurements, and Physical Characteristics
Parameter Lists and Required Detection Limits

Required Detection
Indicator Parameter Limit (mg/L)
Alkalinity 10
Chloride 2
Sulfate 10
Total Dissolved Solids 20
Nitrate+Nitrite Nitrogen 0.02
Ammonia Nitrogen 0.10
Total Phenolics 0.005
Field Measurement Required Detection
Parameter Limit
pH (s.u.) sensitivity of 0.05
Conductivity @25 Deg. C (umhos/cm) 10
Temperature (Deg. C) to nearest 0.5 degree
Physical Characteristic Required Detection
Parameter Limit
Grain size distribution NA

NA = Not applicable to method.

JAH/AmI/JDD/BLH
{mad-403-008¢]
1526800.137



TABLE 34

Field GC VOC Target Analyte List Detection Limits

Detection Groundwater  Soil Gas
Limit Reportable Reportable
Detection Detection

ng on Limit Limit
Compound column (ug/L) (ug/L-Vol)
Benzene 10 2.0 50
1,1-Dichloroethane 10 2.0 5.0
1,2-Dichloroethane 10 5.0 5.0
1,1-Dichloroethene 5 1.0 5.0
cis-1,2-Dichloroethene 5 1.0 5.0
trans-1,2-Dichloroethene 5 1.0 5.0
Ethylbenzene 10 2.0 5.0
Tetrachloroethene 5 1.0 5.0
Toluene 5 1.0 5.0
1,1,1-Trichloroethane 5 1.0 5.0
Trichloroethene 5 1.0 5.0
Xylenes 15 3.0 5.0
JAHAmUIDD/BLH
[mad-403-008f]

1526800.137



TABLE 3-5

Summary of Physical Characteristics Method References

Test ~ Method Reference
Grain Size Analysis ASTM D422
JAH/Kml/JDD/BLH

[mad-403-008g]
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TABLE 3-6

Summary of Quality Control Requirements

Beloit Corporation Facility RU/FS
PARAMETER AUDIT FREQUENCY! LIMITS?
TCL Organics Requirements per OLMO1.0 (or most current)
TAL Inorganics Requirements per ILM02.0 (or most current)
Fleld GC VOCs

Method Blank daily < Detection Limit (DL)

Check Standard After every 10 samples 70 - 130 % Recovery

and at the end of the run.

Duplicate 1 per 10 samples 25% RPD (+ 2xDL if
sample concentration
is<5xDL)

Alkalinity, Chloride,
Sulfate, Nitrate + Nitrite
Nitrogen
Lab Blank After calibration, every < Detection Limit (DL)
10 samples, and at the
end of the run.
Check Standard After calibration, every 90 - 110 % Recovery
10 samples, and at the
end of the run.

EPA QC Reference 1 per set 80 - 120 % Recovery

Standard

Lab Duplicate 1 per 10 samples 10% RPD (+ 2xDL if
sample concentration
is<5xDL)

Matrix Spike 1 per 10 samples 85 - 115 % Recovery

Total Dissolved Solids

Lab Blank 1 per set <DL

EPA QC Reference 1 per set 80 - 120 % Recovery

Standard

Lab Duplicate 1 per 10 samples 10% RPD (+ 2xDL if
sample conceatration
is<§xDL)

Ammonia Nitrogen,
Total Phenolics Lab Blank After calibration, every <DL
10 samples, and at the
end of the run.
Check Standard After calibration, every 90 - 110 % Recovery
10 samples, and at the
end of the run.

Preparation Blank 1 perset <DL



TABLE 3-6

(continued)
PARAMETER AUDIT FREQUENCY! LIMITS2
EPA QC Reference 1 per set 80 - 120 % Recovery
Standard
Lab Duplicate 1 per 10 samples 20% RPD (+ 2aDL if
sample concentration
is<5xDL)
Matrix Spike 1 per 10 samples 85- 115 % Recovery
Grain Size Distribution
Lab Duplicate . 1 per 10 samples 10% RPD or <2% by
weight
pH (Fleld)
Check Standard 1 per 10 samples + 0.05 pH unit of
buffer selection
Duplicate 1 per 10 samples +0.2 pH unit
Specific Conductance (Fleld)
Check Standard 1 per 10 samples + 5% of standard
Duplicate 1 per 10 samples 15% RPD (+ 2xDL if
sample concentration
is<5xDL)
1 Frequencies apply to each individual matrix.
2 Refer to Appendix B for required detection limits for each analyte.
JAH/kml/JDD/BLH
[mad-403-008h]
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TABLE 7-1

Summary of Analytical Methods

Beloit Corporation Facility RU/FS
Parameter §_O_P1 M)gz
TCL Volatiles SOW OLM02.0 CLP Protocol
TCL Semi-volatiles SOW OLM02.0 " CLP Protocol
TCL Pesticides/PCBs SOW OLMO02.0 CLP Protocol
TAL Inorganics SOW ILM02.0 CLP Protocol
Alkalinity LAAC/ALKAAC EPA 310.2
Total dissolved solids TDSC3 EPA 160.1
Chloride CLAAC2 EPA 325.2
Sulfate SO4AAC3 EPA 375.2
Ammonia nitrogen NH3DTC EPA 350.2
Nitrite + nitrate nitrogen NO,+NO3 AAC2 EPA 353.2
Total Phenolics PHENDISC2 EPA 420.1

PHENAAC!

Field Measurements
Field GC VOCs BC-FGC SW-846 8010/8020
pH pH1 EPA 150.1
Specific conductance CONDYSIF EPA 120.1

(H SOP refers to either the EPA SOW, or the Warzyn laboratory document number.
2) Method refers to the published analytical reference.

JAHN~I/IDD/BLH [mad-403-008i]
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Instrument

CompuChem Instrumentation:

Gas Chromatograph/Gas

Spectrometry (GC/MS)-Volatiles

GC/MS - Semivolatiles

GC - Pesticides/PCBs

Warzyn Instrumentation:

Graphite Furnace

Atomic Absorption Spectrometer

Flame Atomic Absorption
Spectrometer

Inductively Coupled
Plasma Spectrometer (ICP)

Routine Preventative Maintenance Procedures and Schedules

TABLE 11-1

Beloit Corporation Facility RI/FS

Maintenance ProcedureySchedule

AW

R

e

P

& w

)

[l

Ead

[l ]

Change septa as needed.

Column maintenance as needed.

Clean injection port liner as needed.
Backflush purge and trap device as needed.
Change trap as needed.

Change septa every 12 hours.

Clean or replace injection port liner
every 12 hours.

Clean injection port every 12 hours.
Column maintenance very 12 hours.

Replace septa every 72 hours.

Replace first 2-3 in. of column packing
every 72 hours.

Replace injector port liner every 72 hours.
Clean injector port with a series of four
solvents every 72 hours.

Clean furnace chamber, contact rings,
and fi windows with alcohol daily.
Change contact rings as needed.

Easure sufficient supply of D.I. Hy0 in
rinse bottle, daily.

Check gas pressure, daily.

Clean burner head when necessary.
Check water trap to ensure it is full and
clean prior to analysis.

Empty drain vessel when necessary.
Clean/i foptimize nebuli hly

or as needed.
Clean & check o-rings monthly or as needed.

Rinse spray chamber with D.I. HyO when run is

completed.
Daily

1. Check peristaltic pump rollers
to ensure all are moving freely.
2. Change pump tubing.
3. Perform BEC check.
4. Rinse spray chamber with dilute HN

followed by D.I. Hy0 when finished with

last run of day.
5. Check to ensure gas supply is adequate.

Page 1 of 2

Spare Parts in Stock

oW AW

WP N

PR wp

-

AL DN

Septa

GC columns
Syringes

Various electronic
components

Traps

Septa

Syringes

GC columns
Injection port liner
Various electronic
components

Septa

Syringes

Column packing material
Injector port liner
Various electronic
components

Contact rings
Graphite tubes
Spare shroud

Burner Head
Nebulizer tubing
O-rings

O-rings
Nebulizer

Torch

Torch

O-rings

Spray chamber
RF Coil
Nebulizer Tips
Pump tubing



Instrument

Cold Vapor Atomic Absorption
Spectrometer

Lachat Autoanalyzer

Spectrophotometer

pH Meter

Thermometers

Balances

Warzyn Field Instramentation:

Gas Chr
-Field GC VOCs
pH Meter

Conductivity Meter

JAH/KmlI/CAW [mad-403-008j] 1526800.137

TABLE 11-1
(continued)

Maintenance Procedures/Schedule

B. AsNeeded

1. Replace or clean nebulizer tips.

2. Disassemble torch, clean, and replace
o-rings.

3. Perform wavelength calibration.

Clean/inspect quartz cell daily.
Change pump tubing daily.

DI water rinse 10-15 minutes at end
of run.

Check gas pressure daily.

Empty drain vessel daily.

WP

IS

-

Rinse manifold with degassed Milli-Q

water before analysis.

2. Rinse manifold with recommended cleaning
solution and degassed Milli-Q water after
analysis.

3. Inspect pump tubings before analysis;
replace if discolored or distorted.

4. Backup data files from computer onto a
floppy disk every week.

5. Add water to heating block when necessary.

6. Clean work area daily.

1. Monitor and document absorbance for
each analysis.

2. Rinse with DI water before and after
analysis.

Clean every month.
Monitor and d daily.

RS

Daily calibeation.

Daily inspection of filling solution;

add or replace when necessary.

1. Biannnal calibration with an ASTM certified
thermometer.

P

1. Daily calibration with ASTM weights (S class).

2. Yearly calibration by an ASTM certified
technician.

3. Daily cleaning.

Change septa as needed.
Column maintenance as needed.
Clean injection port liner as needed.

e

Daily calibration.
Renlare ol des as needed

BN

Sp;re electrodes

1. Daily calibration.
2. Check redline and replace batteries
if does not calibrate. -

Page2of 2

are Parts in Stock

3. Sampler probe

1. Light source bulbs

1. Thermometer

1. Filling solution
2. pHbuffers

Septa
GC columns
Syringes

WP

1. pH buffers
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OBIJECTIVES

The primary objective of the activities described in the Field Sampling Plan (FSP)
is to obtain representative data for use during the Remedial
Investigation/Feasibility Study (RI/FS) analysis. Sampling activities described in
the FSP will be performed during the site investigation activities of the RI.
Documentation procedures for sampling activities are described in the Data
Management Plan (Work Plan, Appendix A).

The RI will focus on the definition of potential sources of soil or groundwater
contamination, determine the nature and extent of contamination and collect data
for the Baseline Risk Assessment and Feasibility Study.

The RI is designed to be implemented as an integrated investigation. Data
collected during initial RI activities will be used to determine appropriate
sampling activities and monitoring locations for subsequent activities of the RL.
During initial RI activities, potential contaminant source areas will be identified
and chemically characterized (Source Characterization), and potential
contaminant migration pathways will be evaluated (Migration Pathway
Assessment). Data generated from the Source Characterization and the Migration
Pathway Assessment may be used in conjunction with data from the Site
Evaluation Report (SER) to evaluate the extent and magnitude of contamination
along the potential migration pathways. The magnitude and extent of
contamination will be determined during Contaminant Characterization, by
sampling media of concern.

Source Characterization data use objectives include:
« Identify the location and extent of potential contaminant source areas; and

e Characterize the chemical and physical aspects of potential contaminant
source areas and contaminant source materials.

Migration Pathway Assessment data use objectives include:
* Identify the most likely pathways for contaminant migration;

 Characterize the hydrogeologic and hydrologic setting of the site; and

Appendix A-Field Sampling Plan June 1992 Beloit Corporation-Rockton Facility
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o Describe the characteristics of soils and sediments in the site area.
Contaminant Characterization data use objectives include:

» Describe the magnitude of groundwater, surface soil, and subsurface soil
contamination; and

« Evaluate the extent of contaminant migration along potential migration
pathways at the site.

TIKJEMNIZKID/KIQ
[mad-603-15b]
1526800.184
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2

ScopPE OF
SAMPLING ACTIVITIES

The FSP describes the procedures and practices for use in performing site
investigation activities during the RIFS. These procedures include a description
of the sample designation system, personnel and their responsibilities, and the
sampling methods to be used during RI activities. The scope of RI activities
discussed in the FSP include:

*

soil gas sampling;

shallow soil borings and soil sampling;

geophysical surveying (surface and downhole);

site mapping;

evaluation of existing wells;

deep and intermediate groundwater quality borings and groundwater
sampling;

monitoring well installation/replacement and soil sampling;
existing monitoring well and standpipe abandonment;
hydraulic conductivity testing;

water level measurements;

surface water and sediment investigation;

surface soil assessment;

air assessment;

ecological assessment; and

groundwater sampling and chemical analysis.

[mad-603-15d]
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SAMPLING LOCATIONS AND
NUMBERS OF SAMPLES

3.1 SOURCE CHARACTERIZATION

Source characterization will include soil gas sampling, shallow soil borings and
soil sampling, and a electromagnetic (EM)/magnetometer surface geophysical
survey.

3.1.1 Soil Gas Survey

A soil gas survey will be performed in known suspected contaminant source areas
as well as areas where potential sources may exist. The objective of this survey is
to locate potential sources of volatile organic compounds (VOCs). Previous
investigations have indicated that several potential source areas may exist.
However, other identified source areas may exist in the site vicinity. Drawing
15268-6 shows the proposed locations for the soil gas survey. Approximately 100
samples, ten field duplicate samples, and one field blank per day will be collected.
Each sample will be analyzed by an in-field, portable gas chromatograph (GC) for
target VOCs (Method EPA 8010/8020).

3.1.2 Shallow Soil Borings and Soil Sampling
Twelve shallow soil borings (SB8 through SB19) will be performed to identify
the presence of VOCs in potential source areas. The borings will be drilled to a
minimum depth of the water table (anticipated depth 25 to 35 ft). The proposed
soil boring locations (refer to Drawing 15268-7) have been selected based on
- information gathered during the preparation of the SER. Modifications or
additional soil boring locations may be established, pending the results of the soil
gas and surface geophysical survey (see Section 5 of the Work Plan for
coordination between Warzyn and IEPA). Soil samples will be collected at 2.0 ft
intervals using a 3-in. split spoon sampler. The 3 in. sampler is primarily needed
for aquiring enough sample volume to accommodate splitting samples with the
IEPA. However, in some instances, a 2 in. split spoon sampler may be necessary
for soil composition evaluation. Field decisions will be required to determine
which sampler is most approprite for each boring. A soil boring log describing
the materials encountered, visual evidence of contamination, and PID screening
results will be recorded by the field geologist/engineer. Soil samples
representative of each unique lithology will be retained in 8-0z soil sample jars.
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A sufficient quantity of representative soils will be collected from each split spoon
sample to fill, at a minimum , one 8-0z. wide mouth glass jar for potential semi-
volatile analysis, one 8-0z wide mouth glass jar for potential pesticide/PCB
analysis, one 8-0z wide mouth glass jar for potential metals and cyanide analysis,
and two 4-oz. wide mouth glass jars for potential VOCs analysis, and to partially
fill one 8-0z. wide mouth glass jar for field headspace analysis. Vertical split
samples will be collected from the split spoon samples by cutting the soil sample
in half (parallel with the long axis of the split spoon sampler) and collecting
samples, top to bottom, from each half of the split spoon device. One half of the
split spoon sample will be used to fill the 4-oz. sample jars immediately after
opening the split spoon. The other half will be used to log the borehole and fill
the four 8-o0z. soil sample jars one of which is to be used for field headspace
analysis. The field headspace method is described in Section 5.2.3 of the FSP.

Surface soil samples (6 in. depth) will be collected from each shallow boring
location and analyzed, for a total of 12 samples. Additional surface soil samples
will be collected from an off-site location for use as a background surface soil
sample. Surface soils will be analyzed for U.S. EPA CLP Target Compound List
(TCL) organics, and Target Analyte List (TAL) inorganics.

Twenty-four sets of subsurface soil samples will be selected for U.S. EPA CLP
analysis based on the following criteria:

¢ Detectable PID (11.7 eV) or FID readings greater than background;
» Visual evidence of soil contamination; and

« Distinct soil stratigraphic changes (e.g., contact at aquifer/aquitard
boundary).

Selection of subsurface soil samples for analysis will be determined in the field
and based on in-field screening results. During sample collection, subsurface
soils will be visually examined and screened for VOCs with a PID/FID.
Subsurface soil samples with obvious visual contamination and/or detectable
PID/FID field headspace readings will be selected for U.S. EPA CLP analysis. If
no indications of VOC contamination are observed using in-field techniques, at
least one set of subsurface soil samples will be collected from each boring for
U.S. EPA CLP analysis using the following three criteria:

» At a distinct soil stratigraphic change;
+ Ata depth of 10 ft for borings in areas with low soil gas readings; or
* Atadepth of 5 ft for borings in areas with high soil gas readings.
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A minimum of 24 sets of subsurface soil samples (an average of two samples per
soil boring) will be analyzed for U.S. EPA CLP parameters. At least one set of
soil samples will be collected from each boring for analysis.

3.1.3 Electromagnetic/Magnetometer Survey

An electromagnetic ground conductivity meter and/or a proton precession
Magnetometer will be used to perform a magnetic survey to locate potential
buried metallic objects such as drums and underground storage tanks. The
surveys will be performed on and around the 1314 Watts Avenue and Soterion
properties in the Blackhawk Acres Subdivision (refer to Drawing 15268-6). Each
instrument will be calibrated prior to each use as described in the users manual.
The initial survey will collect readings on a profile at 10-ft centers in the areas of
interest. A coarser grid (20 ft centers) may be employed in areas surrounding
these properties. During the initial survey, anomalous areas will be located on a
field map and marked with pin flags in the field. Subsequently, a second survey
will be performed over the anomalous areas using a tighter grid (5-ft centers).
Quality assurance will be effected by the duplication of randomly selected survey
measurements to examine instrument response.

3.2 MIGRATION PATHWAY ASSESSMENT
3.2.1 Hydrogeologic Investigation
3.2.1.1 Site Mapping and Evaluation of Existing Monitoring Wells - A
topographic map with a scale of 1 in. to 200 ft and a contour interval of 2 ft has
been prepared for use in the R/FS (Drawing 15268-7). This base map will be
used to develop other drawings and maps showing RI data.
An inventory and evaluation of existing monitoring wells will be performed to
assess their condition. This will include both IEPA and Beloit Corporation wells.
The following will be evaluated:

* well location

 integrity of protective casing (to include cap, lock, and identification) and
the surficial seal

+ integrity of well casing and screen
* water level
* total well depth

e amount of sediment in well
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Wells will be developed, if necessary, to provide representative water level
measurements using procedures described in the next to last paragraph of
subsection 5.4.3.2 of the FSP. Functional PVC and stainless steel wells will be
included in the water level measurement task and functional stainless steel wells
will be included in groundwater quality sampling activities. Wells which are
determined to be non-functional will be properly abandoned according to IEPA
monitoring well abandonment procedures (IEPA 1990) presented in paragraph
two of Section 5.4.3.2 of the FSP.

Natural gamma ray logging will be conducted in existing functional wells for use
in evaluating subsurface stratigraphic conditions. At locations of a well nest, only
the deep well will be natural gamma ray logged.

3.2.1.2 Deep and Intermediate Groundwater Quality Borings and
Groundwater Sampling - Five deep soil borings (DB1, DB2, DB3, DB4, and
W22C) and two intermediate soil borings (W23B and IB1) will be performed
within the RI/FS boundaries. The deep borings will be drilled to a minimum
depth of 100 ft and the intermediate borings to a minimum depth of 70 ft at the
proposed locations shown on Drawing 15268-7. Total actual depth is to be
determined in the field based on stratigraphy and groundwater sample screening
results using a field GC. Drilling and groundwater sampling will be discontinued
at a boring when one of the following situations develops:

e When groundwater screening results indicate that VOCs are not present
and the 100 ft (for deep borings) or 70 ft (for intermediate borings)
minimum depth has been reached, sampled, and analyzed;

» When groundwater screening results indicate that VOCs are present and
the minimum depth requirement of 100 ft (deep borings) or 70 ft
(intermediate borings) has been achieved, and a minimum of two
consecutive clean groundwater samples have been collected below the
deepest VOC detection in that boring; or

» For intermediate borings at potential source areas, and deep borings where
non-aqueous phase liquids have been identified, when a confining unit
greater than or equal to 3 ft in thickness is encountered, irrespective of
depth. In this situation, the last groundwater screening sample will be
collected at the top of the confining unit.

None of these borings will be advanced into bedrock during the Phase 1
investigation.
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Dual-tube reverse circulation drilling methods (Appendix A - A2), will be used to
advance the deep groundwater quality borings. Plugged, screened hollow-stem
augers will be used to advance the intermediate groundwater quality borings.
During drilling, groundwater samples will be collected every 10 ft, beginning at
the water table. Groundwater samples will be collected through the center of the
drill string or casing with a bailer, or submersible pump. Groundwater samples
collected from the seven borings will be analyzed for total VOCs with an in-field
gas chromatograph (GC). The GC data from the groundwater samples will be
used to obtain a vertical representation of the groundwater quality beneath the
site.

Upon completion of the borehole, downhole geophysical logging will be
performed to obtain a natural gamma ray log. The natural gamma ray log of the
borehole will be used in conjunction with cuttings for subsurface interpretation of
soil stratigraphy and assessment of potential subsurface preferred contaminant
migration pathways.

Monitoring wells will be installed in those borings where the GC results indicate
the presence of VOCs. Screen placement will be determined based on GC results,
soil stratigraphy, and gamma ray response.

One deep geotechnical boring (GB1) will be advanced to approximately 100 ft
using mud rotary drilling techniques. This boring will be used to ground truth the
gamma ray logging tool and to provide a representative stratigraphic sequence
for the site. Methods are described in Section 5.4.3.

After completion of downhole logging of the borehole, any borehole not
completed with a well, will be abandoned in accordance with IEPAs guidance
document - Groundwater Monitoring Network for Non-Hazardous Solid Waste
Disposal Facilities (1990). These abandonment procedures are detailed in Section
5.4.5.2 of the FSP.

3.2.1.3 Monitoring Well Installation/Replacement and Soil Sampling -
Initially, twelve new wells will be installed (nine on Beloit Corporation property),
including six water table wells and six piezometers. One well (W24) will be
installed hydraulically upgradient of the site adjacent to IEPA monitoring well
G107, to assess background groundwater quality. Existing monitoring wells W3,
W5, W8, and W11 will be replaced. Additional monitoring wells may be
installed during the Phase 2 investigation. The location, number and type of wells
to be installed will be determined from information obtained during the initial
investigation (Phase 1) activities.
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Monitoring wells will be installed using hollow stem auger, air rotary, or rotary
wash drilling methods. Split-spoon soil samples will be collected every 2.5 ft
during drilling of the boreholes. Soil samples representative of local stratigraphy
will be saved in glass sample jars. Twenty of the collected soil samples will be
submitted for grain size analysis by ASTM D422. Grain size distribution results
will be used to confirm and enhance the visual description of soils made by the
site geologist during drilling.

In addition to obtaining a stratigraphic log from split-spoon sampling, each of the
monitoring well boreholes will be natural gamma ray logged. The natural gamma
ray logs of the boreholes will provide a continuous record of variations in the
natural radioactivity of the borehole and an indication of soil stratigraphy. This
information will be used during evaluation of site geology, by indicating
variations in clay content of the unconsolidated deposits at the site.

New monitoring wells will be developed by alternatively surging and purging the
wells for a minimum of 30 min. using a bailer. After the surge and purge cycles
are completed, the well will be pumped until ten well volumes are removed or
until the pH and specific conductance of water removed from the well has
stabilized.

Drill cuttings, drilling fluids (mud and water) and extraneous soils derived from
split spoon sampling will be evaluated in the open atmosphere during drilling with
an 11.7 eV PID in the field. If PID readings are equal to or exceed 5 ppm then
these cuttings, soils and fluids, will be placed in 55 gal drums, labeled and
retained on-site on Beloit Corporation property. If PID readings are less than 5
ppm then these cuttings, mud and extraneous soils will be disposed of on-site on
Beloit Corporation property. TCLP analysis will be performed on composites of
the containerized cuttings, mud and soils (PID > 5 ppm) in order to determine an
appropriate disposal option. Disposal of water used as a drilling fluid is discussed
below.

Development, drilling and purge waters will be separated based on the presence or
absence of a non-aqueous phase liquid. Those development, drilling and purge
waters containing a non-aqueous phase liquid will be considered a hazardous
waste, drummed, stored separately and disposed of at an appropriate hazardous
waste facility. Development, drilling and purge waters not containing a
non-aqueous phase liquid will be disposed in the sanitary sewer along with
decontamination water for treatment at the local POTW, assuming approval can
be obtained from the POTW. If approval can not be obtained, these materials will
also be drummed, stored in a secure area on Beloit Corporation property and
disposed of at the time of the final remedy.

Appendix A-Field Sampling Plan June 1992 Beloit Corporation-Rockton Facility
Page 3-6




3.2.1.4 Existing Monitoring Well and Standpipe Abandonment - Four existing
monitoring wells (W3, W5, W8, and W11) and seven standpipes (SP1, SP3, and
SP8 through SP12) are to be abandoned during Phase 1 of the R1. They will be
abandoned in accordance with IEPA’s guidance document - Groundwater
Monitoring Network for Non-Hazardous Solid Waste Disposal Facility (1990).
These abandonment procedures are detailed in Section 5.4.3.2 of the FSP.

3.2.1.5 Hydraulic Conductivity Tests - Hydraulic conductivity tests will be
performed in the new wells installed during the RI. Single well baildown test
methods will be used and data analyzed using the Bouwer and Rice (1976)
method. Additional baildown hydraulic conductivity testing may be performed in
existing functional monitoring wells.

3.2.1.6 Water Level Measurements - A minimum of four rounds of water level
measurements will be conducted during the RI. Water level measurements will be
obtained with an electric water level indicator. One round of water levels will be
measured following completion of the monitoring well installation. Water levels
will be measured concurrent with groundwater sampling events. Bimonthly
measurements will be conducted thereafter for a period of eight months, if
necessary from the initial measurement event. The water level measuring device
will be deconed between wells.

3.2.2 Surface Water and Sediment Investigation

Surface water drainage patterns will be identified and located based on field
observations. These drainage patterns and runoff characteristics will be evaluated
for the potential of erosional transport of contaminated surface soils off-site. Itis
anticipated that three staff gauges will be installed at the site (along the Rock
River). Specific staff gauge locations will be determined based on field
observations of optimum locations. Existing staff gauges at the site will be
evaluated for integrity and monitoring use. Surface water level measurements
will be collected concurrently with groundwater level measurements.

3.2.3 Surface Soil Assessment

The potential for exposure to contaminants via the surface soils pathway will be
evaluated based on samples collected for chemical analysis from the 12 shallow
borings (Drawing 15268-7).

3.2.4 Air Assessment

Wind patterns will be evaluated, based on available meteorologic information, to
determine possible air pathway exposure scenarios. Air quality data collected
from health and safety monitoring during site investigation activities will be used
to assess the potential for release of contaminants into the air. Samples will not
be collected for laboratory analysis.
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3.2.5 Ecological Assessment

A preliminary ecological assessment of the site and adjacent areas will be
performed. Ecological resources will be investigated by a site walkover by a field
ecologist to note types and approximate sizes of plant communities of the site and
adjacent undeveloped areas. Potential of the site and surrounding areas as habitat
for vertebrate species will be assessed. Wetland areas will be classified according
to the U.S. Fish and Wildlife Service (U.S. F&WS) system (Cowardin, et. al.,
1979) and their sizes estimated by use of the Federal Manual for Identifying and
Delineating Jurisdictional Wetlands (Federal Interagency Committee for Wetland
Delineation, 1989).

Site observation will be supplemented by information available from site and
federal agencies concerning the following ecological resources:

+ Hydric soils (U.S. Soil Conservation Service)

+ Rock River fishery (Illinois Department of Conservation)

+ Threatened or endangered species (Illinois Department of Conservation
and U.S. F&WS)

+ Designated area wetlands (U.S. F&WS National Wetland Inventory Map)

A qualitative preliminary ecological assessment will be developed to evaluate
potential contamination by site chemicals detected by RI sampling activities.
Potential effects of these contaminants will be discussed for species likely to
inhabit the site or areas affected by site contaminants. If a preliminary evaluation
suggests a serious impact by the site on area natural resources, further
investigation may be required (U.S. EPA Region V, Tasks 3-6, undated,
unpublished memorandum).

3.3 CONTAMINANT CHARACTERIZATION
3.3.1 Groundwater Sampling
Groundwater samples will be collected from the following locations during the

Round 1 sampling event:

e The 12 new groundwater monitoring wells installed during well
installation activities of the RI (Refer to Drawing 15268-7);

» The four replacement wells W3, W5, W8, and W1l;

« Existing monitoring wells W12 through W18 (7 wells), and G103S and D,
G104, G107, G108S and D, G109, and G110 (8 wells); and

+ Private wells as specified in the private well 'sampling document.
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Groundwater sampling will be used to determine the chemical characteristics of
groundwater contamination. Samples will be analyzed for the following chemical
and physical parameters:

+ U.S. EPA CLP TCL organics;
» U.S. EPA CLP TAL inorganics;
-» Sulfate;

e Chloride;

» Alkalinity;

» Total phenolics;

¢ Nitrate-Nitrite nitrogen;

¢ Ammonia nitrogen;

¢ Total dissolved solids;

* Field pH; and

+ Field specific conductance.

Inorganic analyses will be performed on filtered samples collected during Round
1, consistent with U.S. EPA Region V QA Directives. Round 2 samples will be
analyzed for contaminants of concern based on the results of Round 1 sampling.
Technical Memorandum No. 1 will describe analytical results and address data
gaps requiring additional sampling and analysis to be performed during the Phase
2 investigation.

Appropriate sample containers, preservation, and packaging are described in
Table 1-2 of the QAPP.

3.4 QUALITY ASSURANCE SAMPLING

Quality control samples will be collected during sampling activities associated
with the chemical characterization of groundwater, surface soils, and subsurface
soils. Quality control samples will consist of sample duplicates, field blanks, and
matrix spike/matrix spike duplicate (MS/MSD) samples, as described below.

3.4.1 Field Blanks (FB)

For soil samples, no field blanks will be collected due to the unavailability of
suitable blank material. For water samples, one field blank will be prepared for
each container type and size. Field blanks will be prepared according to the
following schedule for each sampling activity:

« One field blank for every 10 or fewer samples of water collected; and
* For each sample period, a minimum of one blank for each group of

parameters per sample matrix.
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The field blank samples will be prepared using deionized water stored in
polyethylene containers. For monitoring well samples, the water will be routed
through the sampling device before transfer to the container. Soil gas field blanks
will be prepared by collecting a sample of ambient air after decontamination of
the sampling system.

3.4.2 Trip Blanks (TB)

A trip blank for volatile organic analysis (VOA) will be included in eacl sample
shipment containing water matrix samples for VOA. The trip blank will consist
of two 40-ml VOA vials filled with deionized water with a Milli-Q cleanup. It
will be prepared in the office or laboratory, transported to the field and shipped
with the other samples to the designated laboratory without being opened. It will
be packaged using standard procedures as for other sample bottles.

3.4.3 Matrix Spike and Matrix Spike Duplicates (MS/MSD)

For water samples, one sample per group of 20 or fewer samples collected for
VOA and extractable organics analysis during each sampling activity will be
selected for matrix spike/matrix spike duplicate (MS/MSD) analysis. For
Base/Neutral Acids (BNAs) and Pesticides/PCBs, double the normal sample
volume will be collected (i.e., four, 1-L bottles). For VOCs, triple the normal
sample volume will be collected (i.e., six, 40 ml VOA vials).

3.4.4 Sample Duplicates

One duplicate sample will be collected for each increment of 10 or fewer samples
collected for each matrix during each sampling period. A duplicate sample will
consist of a sample obtained from the same sampling device as the original
sample.

Due to the sample volume requirements and the soil volume obtained using split-
spoon sampling methods, sample duplicates for subsurface soil samples may not
be possible. Sample duplicates for subsurface soils will only be performed if the
split-spoon sample volume is adequate during subsurface soil sampling
procedures.

[mad-603-15¢]
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4

SAMPLE DESIGNATION

A sample numbering system will be used to identify each investigative and
quality control sample. Each sample identifier will include the project identitier
code, sample type and location code, and a sampling event code. The sampler
will maintain a log book containing the sample identification listings.

4.1 PROJECT IDENTIFIER CODE

A two-letter designation will be implemented to identify the sampling site. The
project identifier will be "BC" to signify the Beloit Corporation Rockton Facility
site investigation.

4.2 SAMPLE TYPE AND LOCATION CODE

Each sample collected will be identified by a two-letter code corresponding to the
sample type. Sample type codes to be used for the various samples collected are:

* GD- groundwater sample from deep groundwater quality boring

e GI- groundwater sample from intermediate groundwater quality boring
» PW - groundwater from a private residential well or municipal well

¢ GW - groundwater sample from monitoring well

e SS- split spoon or subsurface soil sample

e SU- surface soil sample

¢« FB- field blank

e TB- trip blank

Other letter designators may be added for sample activities of later subtasks.

The location code will follow the sample type code. The location code consists of
a two- to five-digit numeric or alpha-numeric code indicating the sample location.
Field blanks and trip blanks will use a consecutive numbering system starting at
01, assigned in the field.

4.3 SAMPLING ROUND CODE/DUPLICATE CODE
A two-digit numerical code will be used to designate additional location

information. For soil samples, the sampling code will represent the depth of the
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sample in feet below the ground surface. Duplicate samples will be designated by
the sampling code preceded by a 9.

Matrix spike and matrix spike duplicate samples are collected as additional
sample volume at selected locations. Although identified as such on chain-of-
custody records, specific sampling codes will not be provided for matrix spikes or
matrix spike duplicates (MS/MSD) samples.

4.4 EXAMPLES OF SAMPLE NUMBERS

Examples of sample number codes are as follows:

BC-SSMW03A-25 = Beloit Corporation, split-spoon soil sample from
monitoring well MWO3A at a depth of 25 ft.

BC-GWMWO03A-01 = Beloit Corporation, groundwater sample from
monitoring well MWO03A, first sampling round.

BC-GWMWO03A-91 = Beloit Corporation, duplicate groundwater sample
from monitoring well MWO03A, first sampling round.

BC-SUSB10-00 = Beloit Corporation, surface soil sample from location of
shallow soil boring number 10, sample collected at the ground surface.

BC-GDDBO01-30 = Beloit Corporation, groundwater sample collected
while drilling deep boring DB1 at 30 ft from the ground surface.

BC-GIIB01-50 = Beloit Corporation, groundwater sample collected while
drilling intermediate boring IB1 at 50 ft from ground surface.

JEM/TIK/I/KID/KIQ
[ mad-603-15f]

1526800.161
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GENERAL SAMPLING EQUIPMENT
AND PROCEDURES

5.1 SOIL GAS SURVEY

5.1.1 Objective

The objective of the soil gas survey is to locate potential sources of VOCs at the
site and identify potential near surface contaminant sources or soil gas associated
with contamination at depth.

5.1.2 Personnel and Responsibilities

A team of two individuals will perform the soil gas survey. A technician will
drive the probe into the ground and extract a sample into a glass vial. A site
chemist will analyze the collected samples by operating the in-field gas
chromatograph (GC).

5.1.3 Methods

Soil gas sample locations will be approximated in the field by using a compass to
measure a bearing between soil gas points and measuring the distance between the
reference points (trace). Permanent site features may be used as reference points.
A detailed log will be maintained identifying reference points and associated
bearing and trace. In addition, each soil gas location will be plotted on a field
map as each location is identified in the field during sample acquisition activities.
Additional soil gas samples may be collected at unspecified locations based on
field observations and/or GC results.

Soil gas samples will be collected by:
» Driving a 1/2-in. or 5/8-in, which ever is appropriate, diameter solid rod to
a depth of approximately 3 to 4 ft below ground surface to create a pilot

hole.

» The rod is replaced with an AMS Retract-a-Tip gas vapor probe. This
probe will be driven down the pilot hole using a slam bar.

» The screen casing is pulled back to expose the screen.
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The teflon vapor tube, which is exposed at the surface, is slipped over the
sample tip of the Thermo Environmental (TE) 580B PID.

The sample vessel (Tedlar bag) is connected to the exhaust (sample) port
of the TE 580B PID with teflon tubing.

Both ports on the Tedlar bag are opened.

The pump (TE 580B PID) is switched on and allowed to draw in-sith soil
gas through the system for a minimum of 2 minutes.

After 2 minutes the sample port on the Tedlar bag will be closed and the
bag allowed to fill. '

With the pump still running the input port of the Tedlar bag will be closed,
then the pump will be switched off.

The Tedlar bag will be disconnected from the pump, shielded from
sunlight and placed on ice in a cooler.

The pump (TE 580B PID) will be disconnected from the AMS soil gas
probe teflon vapor tube.

The screen casing will be closed (screen covered) and then the probe will
be removed from the pilot hole.

Prior to the next sampling the AMS gas vapor probe will be
decontaminated as described below, then the probe, pump and teflon
tubing will be connected and purged with atmospheric air by running the
pump for a minimum of 1 minute. Tedlar bags that have been used may be
re-used if:

- G.C. results show no detectable VOCs, and
- The Tedlar bag has been decontaminated with high purity helium gas.

The external surface of the gas probe and the pilot rod will be
decontaminated by wiping both with paper towels moistened with TSP or
liquinox cleaning solution followed by paper towels moistened with rinse
water.

Move to next sample location.
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The sample will be delivered to the in-field GC for analysis of VOCs. Results of
the soil gas analyses will be plotted in the field on the aforementioned site map.

Used paper towels will be disposed in trash bags and placed with other
investigative wastes. Field blanks will be collected at a frequency of one blank
per ten samples, consistent with sampling of other media.

5.2 SHALLOW SOIL BORINGS AND SOIL SAMPLING

5.2.1 Objective

The objective of this activity is to chemically characterize site surface and
subsurface soils, characterize potential source areas, and supplement information
obtained during the soil gas survey.

5.2.2 Personnel and Responsibilities .

A drill crew of two individuals will perform the shallow soil borings. A geologist
will supervise their efforts, record soil boring logs, collect soil samples, and
function as the Site Safety Officer.

5.2.3 Methods

Twelve shallow soil borings will be drilled to a minimum depth of 25 to 35 ft
(water table) using 4 1/4-in. L.D. or 6 1/4-in. L.D. hollow stem augers. Soil
samples will be collected at 2-ft intervals with a 3-in. split spoon sampler, if
possible. If the 3-in. split spoon sampler will not retain the sample, a 2-in. split
spoon sampler will be employed. The samples will then be visually classified in
the field by a geologist, placed into appropriate sampling jars as specified in
Section 3.1.2 of this Field Sampling Plan, and screened using the field headspace
method. A log of the soil boring, identifying materials encountered, will be
maintained by the site geologist/engineer. Soil samples will be visually classified
in accordance with the Unified Soil Classification System (USCS).

Twelve surface soil samples will be collected, one at each boring location. A
background surface soil sample will be collected at the location of the background
monitoring wells. Surface and selected subsurface soils collected during shallow
soil borings will be analyzed for U.S. EPA CLP TCL and TAL parameters.

As indicated in Section 3.1.2, subsurface soil samples will be selected for analysis
based on elevated PID/FID readings, visual observations of contamination, and
changes in soil stratigraphy. Selection of subsurface soil samples for analysis will
be determined in the field and based on field observations at the time of sampling.

Subsurface soil samples will be evaluated for VOCs using the field headspace

method. An 8 oz. glass sample jar is half filled with representative soil collected
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from a 3-in. split spoon sample. A piece of aluminum foil, sufficient in size to
cover the opening and threads of the sample jar, is then placed over the jar
opening. The teflon lid of the jar is then secured snuggly over the aluminum foil.
The contents of the jar are to be heated for 30 minutes. After 30 minutes the lid is
removed (keep the aluminum foil cover in place) and an 11.7 eV PID (Appendix
A - A4) or FID (Appendix A - A6) probe is forced through the aluminum foil seal
to collect a headspace sample from the jar. A decision to analyze samples from
each location will be made after all samples at that location have been collected,
screened, and visually described.

A minimum of 24 sets of subsurface soil samples with at least one collected from
each boring will be selected for U.S. EPA CLP analysis. Information regarding
QA/QC sample numbers and frequency are contained in Table 1-1 of this QAPP.
Appropriate sample containers, preservation and packaging information are
described in Table 1-2 of this QAPP and Section 3.1.2 of the FSP.

A temporary decontamination facility will be constructed on-site on Beloit
Corporation property. Decontamination will include steam cleaning or high
pressure hot water washing the drilling equipment and tools between boreholes,
and detergent washing and water rinsing the split spoon samplers after each
collected sample. Decontamination procedures are detailed in the Health and
Safety Plan (Volume II of the Planning Documents).

Shallow soil borings will be abandoned in accordance with IEPAs Monitor Well
Plugging and Abandonment Guidance Document (IEPA 1990) (Section 5.4.3.2 of
the FSP). The disposition of excess borehole cuttings generated during drilling is
discussed in Section 3.2.1.3 of the FSP.

5.3 ELECTROMAGNETIC(EM)/MAGNETOMETER SURVEY

5.3.1 Objective

The objective of the EM/magnetometer survey is to determine whether buried
metal containers or underground metal tanks exist in the area of the 1314 Watts
Avenue and the Soterion property in the Blackhawk Acres Subdivision.

5.3.2 Personnel and Responsibilities

A team of two individuals, including a geologist/geophysicist and an assistant will
be responsible for performing these surveys. The geologist/geophysicist will
operate the instrument and the assistant will help lay out grid lines, flag locations
and record activities.
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5.3.3 Methods

An electromagnetic conductivity meter (see Appendix A - Al) and/or a proton
precession magnetometer (see Appendix A - A3) will be used to perform these
surveys. The team will set up the geophysical survey grid with 10 ft spacings
across each area to be surveyed. The geologist/geophysicist will traverse the area
while operating the EM or magnetometer. Areas of anomalous readings will be
plotted in the field with pin flags and on a site map. A base location, away from
the potentially contaminated area, will be set up as a calibration verification point
for the geophysical instrument. The instrument will be checked at this location
before, after, and during the investigation. Instrument readings and drift at the
base location will be recorded.

Intrusive activities will not be performed during these surface geophysical
surveys, therefore decontamination and waste disposal procedures are not
anticipated.

5.4 HYDROGEOLOGIC INVESTIGATION

5.4.1 Objective

The objective of the hydrogeologic investigation is to obtain information for
characterization of the hydrogeologic setting, determine groundwater flow
direction, assess the potential for preferential groundwater flow, and identify the
physical characteristics of the geologic media at the site.

5.4.2 Personnel and Responsibilities

Deep and intermediate groundwater quality borings, monitoring well borings, and
a geotechnical boring will be performed and installed by a drill crew of two
individuals. Drilling operations will be supervised by a geologist/engineer, who
will collect groundwater and soil samples, obtain natural gamma logs, and
function as the Site Safety Officer. Water levels will be measured by a technician.
Hydraulic conductivity tests will be performed by a geologist or field technician.

5.4.3 Methods

5.4.3.1 Deep Borings and Groundwater Sampling - Five deep (DB1-DB4 and
W22C) and two intermediate (IB1 and W23B) groundwater quality borings, and
one deep geotechnical boring (GB1) will be performed at locations inside the
RI/FS site boundaries. The primary objective of the deep and intermediate
borings is to assess groundwater quality with depth in the aquifer. The
groundwater analytical data will be used exclusively as screening data to identify
target VOCs in groundwater at different zones in the aquifer. The primary
objective of the geotechnical boring is to provide a borehole for ground-truthing
the natural gamma ray logger and for obtaining characteristic soil descriptions for
the site. The proposed locations for the borings are shown on Drawing 15268-7.

Appendix A-Field Sampling Plan June 1992 Beloit Corporation-Rockton Facility
Page 5-3




Dual-tube reverse circulation drilling methods (Appendix A - A2) and plugged,
screened hollow stem auger drilling methods will be used to advance the deep and
intermediate boreholes, respectively. Representative groundwater samples will be
collected during drilling with a stainless steel bailer or submersible pump with
inflatable packer at selected zones in the aquifer. Groundwater samples will be
collected every 10 ft beginning at the water table. If groundwater does not
recover, or is not expected to recover within 30 minutes due to the presence of a
fine grained, low permeability zone, no sample will be collected from that zone.

Groundwater samples will be collected through the center of the drill string or
casing. A bailer, B-K pump, or submersible pump with an inflatable packer will
be used to purge three times the standing water volume in the drill rod or auger
before a sample is collected. If a packer is used, then three times the volume of
the packed-off zone will be purged. Groundwater samples collected during each
boring will be screened for VOCs with an in-field GC using the methods specified
in the QAPP. The deep borings will be drilled to a minimum depth of 100 ft and
the intermediate borings to a minimum depth of 70 ft at the proposed locations
shown on Drawing 15268-7. Total actual depth is to be determined in the field
based on stratigraphy and groundwater sample screening results. Drilling and
groundwater sampling will be discontinued at a boring when one of the following
situations develops:

_* When groundwater screening results indicate that VOCs are not present
and the 100 ft (for deep borings) or 70 ft (for intermediate borings)
minimum depth has been reached, sampled, and analyzed;

e When groundwater screening results indicate that VOCs are present and
the minimum depth requirement of 100 ft (deep borings) or 70 ft
(intermediate borings) has been achieved, and a minimum of two
consecutive clean groundwater samples have been collected below the
deepest VOC detection in that boring; or

+ For intermediate borings at potential source areas, and deep borings where
non-aqueous phase has been identified, when a confining unit greater than
or equal to 3 ft in thickness is encountered, irrespective of depth. In this
situation, the last groundwater screening sample will be collected at the top
of the confining layer. ’

GC results of groundwater samples will be used to assess the vertical extent of
VOC contamination at each boring location, and will be used to determine
installation depths for monitoring wells that may be installed during this pphase
of work and placement of monitoring wells that may be installed during a Phase 2
investigation.
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Due to the drilling methods (dual tube and plugged hollow stem auger), split-
spoon samples will not be obtained during drilling. A boring log based on
discharged drill cuttings will be kept by the geologist/engineer supervising
drilling activities. To supplement subsurface information, a natural gamma ray
log will be obtained through the drill casing upon completion of the borehole. A
Mount Sopris Model 1000-C borehole logger (Appendix A - AS) and natural
gamma ray logging tool will be used to obtain the downhole geophysical log.

Geotechnical boring GB1 will be advanced to a minimum depth of 100 ft using a
pure bentonite mud and rotary wash drilling methods (minimum borehole size of
4-in.). Standard penetration test (ASTM D1586) soil samples will be collected
every 5 ft from 2 ft to 30 ft, every 2 ft from 30 ft to 80 ft, and every 5 ft from 80 ft
to 100 ft. Representative soils will be placed in 8 oz sample jars and retained. A
detailed soil borehole log will be maintained by the field geologist/engineer
supervising drilling activities.

When the mud rotary drilling technique has reached a depth of 100 ft, in
geotechnical boring GB1, and is able to maintain an open hole to this depth, the
drill string can be removed and the borehole logged with the natural gamma ray
logging device. The natural gamma ray detecting probe is lowered to the bottom
of the borehole and is then advanced to the surface at a logging rate of slightly
less than 1 ft/sec. This gamma ray trace will be the gamma ray tool ground-truth
log for the site.

Deep and intermediate groundwater quality boreholes, not instrumented with a
monitoring well, and the geotechnical boring will be abandoned in accordance
with IEPAs Monitor Well Plugging and Abandonment Guidance document
(IEPA, 1990). Drill cuttings and fluid will be screened with a PID during drilling
operations. The disposition of excess borehole cuttings and drilling fluids
generated during drilling is discussed in Section 3.2.1.3 of the FSP.

To minimize potential inadvertent contamination by drilling equipment and/or
inter-borehole contamination, steam cleaning will be used between boring
locations (except between borings at a well nest). The drill rig and drilling tools
will be steamed cleaned before mobilization onto the site, and will be steam
cleaned between each boring (except between borings at a well nest). The
disposition of decon water is discussed in Section 6 of the FSP.

5.4.3.2 Monitoring Well Installation/Abandonment - Twelve groundwater
monitoring wells (eight new and four replacements) are proposed including nine
wells at four locations on Beloit Corporation property, one well at one location
upgradient of the site, and two wells at one location downgradient of the site.
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Four replacement wells are proposed for existing monitoring wells W3, W5, W8,
and W11. Proposed locations are shown on Drawing 15268-7.

Existing non-functional wells and standpipes will be abandoned in accordance
- with IEPA monitoring well abandonment procedures (IEPA, 1990). Surface
casing will be removed a minimum of 12 inches below ground surface. A neat
cement slurry (5 gal water per 94 1b bag cement) will be mixed and slowly
pumped into the well casing through a tremie pipe. The tremie pipe will be placed
at the bottom of the well and then slowly withdrawn as the cement slurry is
pumped into the well casing. Pumping will continue until the cement slurry flows
out the top of the well casing. The 12 inch deep hole will then be filled with
natural soils.

Water table well borings (anticipated depth: 25 to 35 ft) will be drilled using 4
1/4-in. or 6 1/4-in. L.D. hollow stem augers. If sand blow-in through the augers
occurs during drilling, rotary wash methods using clear water will be used to
remove material from the interior of the augers. Split spoon soil samples will be
collected at 2.5 ft-intervals to the bottom of the boring (only the deep boring at a
well nest will be split spoon sampled) where feasible. If sand blow-in is severe,
no sampling will be conducted and natural gamma ray logging will be substituted.

Intermediate depth (anticipated depth: 60 to 70 ft) piezometer borings will be
drilled using 4 1/4-in. L.D. or 6 1/4-in. 1.D. hollow stem augers or rotary wash
drilling methods. Split spoon soil sampling intervals (2.5 ft) will be similar to
water table well borings.

Based on past subsurface drilling at the site, augering methods may not be
possible below those depths where extensive sand blow-in occurs. Due to
limitations in augering methods, rotary drilling methods using casing will be used
when appropriate. Alternative methods include use of dual-tube reverse air rotary
or clear water wash rotary. In the event clear water does not remove cuttings or
the borehole is unstable, a pure bentonite mud wash may be necessary to complete
the boreholes. During drilling operations, attempts will be made to minimize the
amount and use of bentonite drilling mud. Bentonite with chemical additives will
not be used at the site.

Water used during drilling activities will be obtained from the City of Rockton
municipal water supply. As a quality assurance procedure, a sample of the water
used for drilling and other activities at the site will be collected and analyzed for
VOCs (CLP SOW OLMO2.0) during initial drilling agtivities.

A log of the monitoring well boring will be recorded by the site geologist. Soil
samples will be visually classified in accordance with the Unified Soil
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Classification System (USCS). Twenty (20} soil samples will be analyzed by a
soils laboratory for grain size. Samples will be selected following completion of
the drilling program to obtain a representative selection of the various soil types
encountered during the investigation. The purpose of these analyses is to confirm
field identification of soils and to assist in assessing subsurface soils as a
contaminant migration pathway. Soil samples will be field screened in the open
atmosphere with a PID to assess potential hazards to the field personnel. The
disposition of excess soils is discussed in Section 3.2.1.3; of the FSP.

Final soil boring logs will be prepared based on field observations, natural gamma
ray log response, and soil testing and laboratory sample classification. Soil
samples will be retained for Beloit Corporation until termination of the RI/FS.
Procedures for sample handling are discussed in the QAPP.

Monitoring wells will be constructed as shown in Drawings 15268-A7 and
15268-A8 in the Work Plan. Water table wells will be constructed with 10-ft
long, No. 10 slot (0.010-in.) continuous wrap 2-in. I.D. stainless steel screens
placed so the screen is likely to intercept the water table. Piezometers will be
constructed with 5-ft long No. 10 slot (0.010-in.) continuous wrap 2-in. I.D.
stainless steel screens and a 10 ft section of stainless steel riser. The riser above
the 10 ft stainless steel riser section will consist of 2-in. I.D. schedule 40 PVC
pipe for wells less than 80 ft deep and schedule 80 PVC pipe for wells greater
than 80 ft deep.

The annular space between the well and the edge of the borehole will be
backfilled with clean silica sand to approximately 2 ft above the top of the well
screen. A minimum 3-ft hydrated bentonite pellet seal will be placed directly
above the sand pack. At water table wells, the annulus will be backfilled with
granular bentonite. At piezometers, a fine silica sand or bentonite pellets will be
placed above the sand filter pack and bentonite slurry placed above the fine silica
sand or bentonite pellets, using a tremie pipe. A granular bentonite surface seal
will be installed at each well. A locking steel protective casing will be installed at
the surface of each well.

The following partial abandonment procedures are to be followed when installing
monitoring wells in water quality borings.

If the backfill interval is greater than 50 ft then the water quality borehole is to be
abandoned following IEPA (1990) monitoring well abandonment guidelines (see
paragraph 2, Section 5.4.3.2). A monitoring well will then be installed in a new
borehole that will be drilled approximately 5 ft from the abandoned water quality
borehole.
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If the backfill interval is less than 50 ft then the following guidelines will be used
to install monitoring wells in water quality borings:

* A tremie pipe will be used to install approximately 3/8-in. diameter
bentonite pellets or chips (interlayered with a clean silica sand in
permeable zones) in water quality borings that are less than 250 ft deep
and with a standing water depth of less than 150 ft.

e 6.25-in. I.D. hollow-stem augers will be used to advance intermediate
water quality boreholes that may require partial abandonment.

Bentonite material must be installed at the base (minimum 2 ft thick) and top
(minimum 2 ft thick) of the backfill interval and must also extend through
impermeable zones. In the permeable zones a minimum of 2 ft of bentonite
material will be installed for every 4 ft of silica sand. If the backfill interval is 10
ft or less then bentonite will be the only backfill material utilized.

New monitoring wells will be developed by alternatively surging and purging the
wells for a minimum of 30 min. using a bailer. After the surge and purge cycles
are completed, the well will be pumped until 10 well volumes are removed or
until the pH and specific conductance of water from the well has stabilized. The
disposition of purge water is discussed in Section 3.2.1.3 of the FSP.

To minimize potential inadvertent contamination by drilling and sampling
equipment, and/or inter-borehole contamination, steam cleaning will be used
between borings (except between borings at a well nest). The drill rig and drilling
tools will be steamed cleaned before mobilization onto the site, and will be steam
cleaned between each boring. The split spoon sampler will be cleaned in a
liquinox or non-phosphate detergent solution between monitoring well boreholes
except at well nests. The disposition of decon water is discussed in detail in
Section 6 of the FSP. PVC and stainless steel well pipe and stainless steel screen
will be steam cleaned or washed with a high pressure hot water washer prior to
installation.

5.4.3.3 In Situ Hydraulic Conductivity Tests - Hydraulic conductivity will be
measured by baildown testing in water table wells and/or by air pressure methods
in deeper piezometers. The Bouwer and Rice Method (1976) will be used to
analyze the baildown test data. The methods to be used are as follows:

* Measure water level with a tape and sounding device or electronic water
level indicator.
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* Place the pressure transducer into the well and allow approximately three
minutes for the probe to equilibrate to the water temperature and pressure.

« Install the well head pressure device to seal the well head (for piezometers
only).

« Enter the reference water level into the data logger and check the water
level using the pressure transducer until water level reading is stable.

« After a stabilized water level reading is obtained from the pressure
transducer, the well (piezometers only) is pressurized with sufficient air
pressure to displace several ft of water (0.4 PSU/ft of water).

* Air pressure is maintained until the water level reading from the transducer
is constant (for piezometers only).

» The air pressure is then instantaneously released while running the
pressure transducer recorder in the log sampling mode (for piezometers
only).

o At water table wells a single bailer of groundwater is removed to reduce
the water level, while recording the pressure transducer readings with the
data logger.

» The test results may be immediately printed out to obtain a hard copy.
+ Data are transferred from the data logger to a computer for analysis.

5.4.3.4 Water Level Measurements - Water levels in existing and new
monitoring wells will be measured. An electric water level indicator will be
lowered into the monitoring wells until the water level is reached. Depths will be
recorded to the nearest 0.01 ft. '

5.5 SURFACE WATER AND SEDIMENT INVESTIGATION

5.5.1 Objective

The objective of this activity is to determine surface water drainage patterns at
and around the site. The staff gauge measurements will be used in the general
assessment of site water levels and the affects of surface water/groundwater flow
interactions.
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5.5.2 Personnel and Responsibilities

A survey crew or field technician will install three staff gauges in the Rock River.
A technician will measure water levels. A scientist or engineer will identify and
map drainage patterns.

5.5.3 Methods

Staff gauges will be metal rods with a scale in hundreds of feet. The gauge will
be installed at least one foot into the river sediments, or until stable, so the scale
extends at least one foot above and below the water line. The reference line on
each gauge will be surveyed for location and elevation. Surface water level
measurements will be obtained at the staff gauge locations concurrently with
groundwater level measurements. Measurements will be made by reading the
water level mark on the staff gauge and subtracting the measurement from the
staff gauge reference elevation.

A scientist or engineer will visually locate, identify, and map drainage patterns at
the site. The drainage patterns will be plotted on a drawing developed from the
site base map. The data will be used to assess the potential for erosional transport
of contaminants off-site.

5.6 SURFACE SOILS ASSESSMENT

5.6.1 Objective
The objective of this activity is to assess the potential for direct contact exposure
to contaminated surface soils.

5.6.2 Personnel and Responsibilities

A geologist will collect surface soil samples at the twelve shallow boring
locations and the background location. The background location is anticipated to
coincide with the background monitoring well location. A scientist or engineer
will identify the erosion potential of surface soils for assessing the surface soil
contamination pathway.

5.6.3 Methods
An inspection of the site will be conducted. Surface soils will be observed and
monitored with a PID during sampling activities. Based on this site inspection
and analytical data collected during Source Characterization and Migration
Pathway Assessment activities, the need for additional surface soil sampling will
be determined.
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5.7 AIR ASSESSMENT

5.7.1 Objective
The objective of this activity is to assess the potential for release of contaminants
to air.

5.7.2 Personnel and Responsibilities
The geologist/engineer on each drilling rig will monitor air quality using a PID
during soil borings and monitoring well installation.

5.7.3 Methods

Air quality will be monitored using a PID. Monitoring results above background
will be recorded in each individuals field logbook. Monitoring during intrusive
activities is assumed to approximate "worst case conditions”, when potentially
contaminated soil or waste is exposed to the atmosphere.

5.8 GROUNDWATER SAMPLING

5.8.1 Objectives
The objective of groundwater sampling is to determine the nature, magnitude and
extent of groundwater contamination.

5.8.2 Personnel and Responsibilities
A crew of two technicians will collect samples.

5.8.3 Methods

Groundwater sampling will proceed from wells expected to have the lowest
contaminant concentrations (based upon observations during drilling and existing
groundwater quality data), to the wells suspected of having the highest
contaminant concentrations. Each sampled well will be purged immediately prior
to sampling using a submersible sampling pump at a high pumping rate. A packer
will be used in all wells screened below the water table, and inflated within the
stainless steel riser so as to seal off the PVC riser.

The volume of water removed from the well will be measured so that a minimum
of three volumes are removed. Specific conductance, temperature and pH will
also be monitored for stabilization during purging. After well purging has been
completed, the pumping rate will be decreased to approximately 100 ml/min and
the VOC sample collected directly from the pump discharge. Sample bottles,
filtering, and preservation will be as specified in Table 1-2 of the QAPP.

The disposition of purged water is discussed in Section 3.2.1.3 of the FSP.
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The sampling equipment and water level measurement tape will be cleaned
between wells with a Liquinox or another non-phosphate detergent solution and
rinsed s-ith deionized water. Decontamination of the pump and tubing will
consist of pumping the decon solution into the wash tanks for several minutes.
The pump will then be moved into the rinse tank and pumping will resume with
rinse water.

Groundwater sample blanks will be collected by pumping deionized water
through the sampling pump into the sample bottles. Matrix spike/matrix spike
duplicate samples will be collected using the same sampling device. Duplicate
samples for volatile organics analysis will be obtained by alternately filling VOC
vials from the pump. The remainder of the sample will be split between the
principal sample and the duplicate sample.

(mad-603-15g]
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DECONTAMINATION PROCEDURES

Procedures to be followed to decontaminate equipment and personnel are
described in the Site Health and Safety Plan. The procedures are summarized
below.

Site Personnel Decontamination Procedure:

» Equipment drop;

* Wash outer booties and rinse;

« Dispose of outer latex booties;

¢ Wash boots in Liquinox bootwash;

e Clean outer gloves in Liquinox wash solution (discard if too soiled to clean
thoroughly);

» Dispose of polycoated Tyvek suits;

+ Dispose of surgical gloves;

¢ Wash hands in hand wash;

* Wash face and neck in face wash; and

* Clean and sanitize face mask.

Site personnel will perform the above mentioned decontamination procedure prior
to leaving the site. Discarded clothing and other articles will be collected in
double-lined, heavy duty garbage bags.

Equipment and vehicle decontamination procedure:

» Decontamination will be performed prior to site entry;

+ Decontamination will be performed on site;

» Gross contamination will be removed with a brush and Liquinox solution;
and

» Steam cleaning or hot water high pressure washing will follow.

The drilling equipment will be steam cleaned or high pressure hot water washed at
the temporary decon facility and between boring locations prior to exiting the site.
Another area, located away from the equipment decontamination area, will be
designated as a site personnel decontamination area.
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Decontamination will include steam cleaning or hot water high pressure washing
the drill rig, drilling equipment, and tools between boreholes, and detergent
washing and water rinsing the split spoon samplers after each collected sample.
The drill rig and equipment may also require scrubbing of accessible parts with a
detergent/water solution. Well materials will also be steam cleaned or hot water
high pressure washed and wrapped in plastic until installed. The bailer cable,
trowels, spatulas, stainless steel bucket and water level measurement tape will be
cleaned with Liquinox or another non-phosphate detergent solution, and rinsed
with deionized water.

All decontamination water will be captured by the decontamination pad, pumped
into appropriate storage containers and then routed to the local POTW for
treatment, assuming that approval can be obtained from the POTW. If approval
can not be obtained, these materials will also be contained, stored in a secure area
on Beloit Corporation property and disposed of at the time of the final remedy.

[mad-603-15h}
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SAMPLE HANDLING
AND ANALYSIS

7.1 PARAMETERS

Samples collected for chemical analysis will be analyzed by a laboratory
approved by the U.S. EPA Region V Contract Program Management Section
(CPMS). Chemical parameters for which groundwater will be analyzed are:

» U.S. EPA CLP TCL organics;
» U.S. EPA CLP TAL inorganics;
» Field pH;

 Field-specific conductance;

¢ Chloride;

¢ Sulfate;

s Alkalinity;

e Total phenolics;

+ Nitrate-Nitrite nitrogen.

¢ Ammonia nitrogen; and

« Total dissolved solids.

Measurement of pH, specific conductance, and temperature will be performed in
the field. The groundwater samples to be analyzed for U.S. EPA CLP TAL
metals will be field filtered with 0.45 micron filters, as soon as possible after
collection. Shallow soil boring samples (soil) will be analyzed for U.S. EPA TCL
and TAL parameters. Select samples from monitoring well installation borings
will be analyzed for grain size by a soils laboratory.

7.2 SAMPLE PRESERVATION

Samples will be collected and preserved in a manner appropriate for the analyses
they receive (see Table 1-2 of the QAPP). The portion of groundwater samples
requiring field filtering prior to analysis (see Table 1-1 of the QAPP) will be
filtered using a pressure filtration device, through a 0.45 micron filter, as soon as
possible after collection. Filtered portions of the samples will be preserved, as
appropriate, immediately after filtration. Sample fractions will be preserved
before shipment according to the procedures shown in Table 1-2 of the QAPP.
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Preservatives added to the samples will be prepared using reagent grade
chemicals. Table 1-2 of the QAPP should be consulted for details regarding

sample packaging and shipping.

[mad-603-15i]
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SAMPLE DOCUMENTATION

Field sampling activities will be documented using a bound waterproof
notebook/logbook. Information recorded in the field logbook will include date of
sampling, sampler, weather conditions, observations, and methods of
preservation. Additional data pertaining to sampling may also be included in the
logbook.
Samples will be collected under chain-of-custody procedures. Standard forms
including sample labels, sample tags, chain-of-custody forms, and custody seals
used for sample tracking will be maintained (see attachments). A brief
description of sample documents follow:
A. Chain of Custody Form

1. One form per shipping container (cooler).

2. Carrier service does not need to sign form, if custody seals remain intact.

3. Use for all samples.
B. Chain-of-Custody Seals

1. Two seals per shipping container to secure the lid and provide evidence
that samples have not been tampered with.

2. Cover seals with clear tape.
3. Record seal numbers on Chain-of-Custody Form.
4. Use for all samples.
C. Sample Tags
1. Each sample container must have a sample tag affixed to it.

2. Sample tag numbers are recorded on the Chain-of-Custody Forms.
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3. Use for all samples.
D. Sample Identification Record Form will:

1. Provide means of recording crucial sample shipping and tracking
information.

2. Contain information such as:

« Sample number

» Sample matrix

 Sample location code

« Sample round
Chain-of-custody number
Lab code

« Date sampled

* Date shipped

* Airbill number

» Sampling tag number

*

Paperwork accompanying the samples being shipped to the laboratory will be
sealed in a plastic bag that is taped to the inside of the cooler lid. Copies of the
chain-of-custody forms, and other paperwork (if possible), will be retained with
the field files.

Two sample seals will be placed on opposite sides of the lid and extending down
the sides of the cooler. The lid will be securely taped shut prior to shipment.

{mad-603-15j]
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Electromagnetic Concuctivity Meter
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EM31 MANUAL Page 1

1. INTRODUCTION

Measurcment of ground rcsistivity is one of the oldest
geophysical techniques. Tablc 1, taken dircctly from
Heiland*, lists typical valuecs of resistivity for

a variety of geological materials (pages 4-7). The
valucs given are in ohm-centimeters and must be divided

by one hundred to give ohm-meters.

It will be observed that in most cases the actual
resistivity itself is not diagnostic and a knowledge of
the way in which the resistivity varies laterally and
with depth is of great importance, since this permits
us to "see" features as a result of their shape rather
than their actual resistivity values. There is thus a
requirement for instrumentation which permits the rapid
and accurate measurement of terrain resistivity. Since
the EM31 does not require electrical contact with the

ground it fulfills this objective.

The basic principle of operation of the EM31 is simple.
With reference to Fig. 1 a transmitter coil located at
one end of the instrument induces circular eddy current
loops in the earth. Under certain conditions fulfilled
in the design of the EM31 the magnitude of any one of
these current loops is directly proportional to the
terrain conductivity in the vicinity of that loop. Each
one of the current loops generates a magnetic ficld

which is proportional to the value of the current flowing
within that loop. A part of the magnetic ficld from

each loop 1is interceptecd by the recciver coil and results

* Heiland, C.A. Geophysical Exploration. liafner
Publishing Co., New York 1968
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INTRODUCTION (cont'd)

in an output voltage which is therefore also linearly
related to the terrain conductivity.

This instrument is calibrated to read the correct con-
ductivity when the earth is uniform. In the event that
the earth is layered, with each layer of different con-
ductivity, the instrument will read an intermediate

value as discussed in morc detail in Section 5.2.

The unit of conductivity used is the millimho per meter.
To obtain resistivity in ohm-meters the instrument
reading is divided into 1000 - i.e., 2 reading of four
millimhos per meter divided into 1000 gives two hundred

and fifty ohm-meters.

e i e e
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Theoretical calculations show, as will be quickly evident
to the.operator, that the rcading obtained is ¢ssentially
independent of the orientation of the instrument with res-
pect to the earth. There is, however, a small dependence
on the height above the ground; lifting the instrument
from the surface of a uniform earth to the normal opera-
ting height of about one meter results in a reduction in
the reading of 12%. The calibration has been adjusted at
the factory so that the instrument reads correctly over a
uniform half-space when worn as shown in the data sheet.
If the earth is layered, raising the instrument from the
surface of the earth to the normal operating position can
result in a reading which stays constant or even increases
slightly with height. In general, readings made with

the instrument at hip height will be sufficiently
accurate, but for maximum accuracy the instrument can be
laid on the ground as discussed in Section 5.2.

There are two components of the induced magnetic field
measured by the EM31. The first is the quadrature-phase
component whlch _gives the ground -conductivity measurement
as descrlbed The second is the inphase component used
primarly in the BM3! for calibration purposes. Ihe
inphase component however is significantly more sensitive
to large metallic objects and hence very useful when
looking for buried metal drums. Although this component
has been available in the standard EM31 by operating in
the compensation mode (Section 2. 2), both components are
now available in the EM31-D from an analog output conncctor
when coupled to a dual channel recorder.
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CM31-1 SPECIFICATIONS

Measured Quantities (1)
(2)

Primary Field Source
Sensor

Intercoil Spacing
Operating Frequency

Power Supply

Conduétivity Ranges
Measurement Precision
Measurement Accuracy
Noise Level

Operator Controls

Analog Output

Dimensions

Weight

Apparent conductivity of the
ground in millimhos per meter

Inphasc componcnt of the induced
magnetic ficld

Self-contained dipole transmitter
Self-contained dipole receiver
3.66 meters

9.3 kHz

8 disposable alkaline 'C’ cells
(approx. 20 hrs 1ife continuous use)

3, 10, 30, 100, 300, 1000 mmhos/meter

1+

2% of full scale
+ 5% at 20 millimhos per meter
<0.1 millimhos per meter

-Mode Switch

.Conductivity Range Switch
-Phasing Potentiometer
.Coarse Inphase Compensation
.Fine Inphase Compensation

Connector on EM31-D for dual channel
analog recording of ground
conductivity and inphase component

Boom 4.0 meters extended
1.4 meters stored
Console 24 x 20 x 18 cm

Shipping Crate: 155 x 42 x 28 cm

kgm

Instrumcnt Weight: g
kgm

9
Shipping Weight: 25
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LI 2. OPERATING INSTRUCTIONS

‘I The EM31 can be used both to measure the electrical
conductivity of the ground and to detect buried
»I metal objects. Section 2.1 describes the procedure
1 for measuring ground conductivity and section 2.2

for buried metal detection.

2.1 Ground Conductivity Measurements

2.1.1 Initial Set-up Procedure

a) Using the identifying labels on the tubes select

to the main tube, insert it and fix it with the clamp.

[
7.
T , the transmitter coil tube, align it with respect
\[ b) Check the battery condition, plus and minus, by
setting the Mode switch (MODE SELECTOR SWITCH) to the
T OPER position and the Range switch to the +B and -B
’ positions respectively. If the needle reads inside
the BATT mark on the meter, batteries are in good
condition, otherwise replace the batteries with a fresh

set of C size alkaline batteries.

c) Check the zero reading by setting the Mode switch
to the OPER position and the Range switch to the
least sensitive position 1,000 mmhos/meter (this

minimizes any external noise interference while

-

checking the zero position). If a zero adjustment
is required adjust the DC ZERO CONTROL located
under the front panel to obtain a zero reading.

To do this the battery pack must be removed to gain
access to the controls.

—{ 4

~
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Align and conncct the receiver coil tube to the main
frame tube. The instrument is now ready to proceed

with the functional checks.
Equipment Functional Checks

The Range switch should be set at 30 millimhos/meter
position for all the following tests. (If the
reading is off scale, i.e., greater than 30 millimhos/

meter, see note.)

Set the Mode switch to the COMP position and adjust
the meter reading to zero using the COARSE and FINE
COMPENSATION controls.

To check the phasing of the instrument set the Mode
switch to the PHASE position. Note the meter reading
and rotate the COARSE control one step clockwise.

If the meter reading remained the same, the phasing
is already correct; return the COARSE control to its
original position (one step counter clockwise) and

no further adjustment is necessary.

If there was a difference in the meter readings

taken before and after the COARSE control was

rotated one step clockwise then a phase adjustment

is required. With the COARSE control in its original

position adjust the PHASE potentiometer about 1/4 turn
clockwise and note the new meter reading. Rotate

the COARSE control one step clockwise, take a reading,

and return the COARSE control to its original position.

If the difference in meter rcadings has decreased, repeat

the procedurc using a further clockwise adjustment,
until rotating the COARSE control the one step
clockwise produces no change in the meter recading.

—

—

S [ —

|
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If, on the other hand, the difference in meter

readings was increased, theé PHASE potentiometer
should be rotated in a counter clockwise direction
instead and the procedure described above repeated
until there is no change in the meter readings.
Always remember to set the COARSE control back to
its original position. This can be confirmed by
setting the Mode switch in the COMP position and
checking that the meter reads zero. If it does not
read zero, repeat steps (a) and (b).

To check the sensitivity of the instrument, set the Mode
switch to the COMP position and rotate the COARSE control
clockwise one step. The meter should read between 75%
and 85% (22 to 26 millimhos/meter) of full scale
deflection (inside black mark). It is unlikely that

the sensitivity of the instrument will vary, however

it may be useful to record the actual meter reading

for comparison at a later date.

Return the COARSE switch to its original position and
the EM31 is now ready to make ground conductivity
measurements. )

When conducting the functional tests over ground

of higher conductivity than 30 millimhos/meter, the
Range switch should be set at the appropriate level.
At whatever level the Range switch is in, the reading

taken in (c) should still be between 22 and 26 millimhos/
meter.
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Operating Procedurc

Wearing the instrument with the shoulder strap
adjusted sO that the instrument rests comfortably

on the hip as shown, switch the Mode switch to the
OPER position and rotate the Range switch so that

the metcr reads in the upper two thirds of the scale.
The full scale deflection is now indicated by the
Range switch and the jnstrument is reading the

terrain conductivity directly in millimhos per meter.

The EM31 can be operated continuously while moving
from one measurement station to the next however,
the instrument has 2 time constant of about one
second for which the operator should adjust his

walking speed to obtain greatest accuracy.

Alternatively, 1O cxtend battery 1ifc thec instrument
can be switched on at cach measurcment station when

not using a recorder. The opcrator will notice that

the type of integrator used results in 2 slighi initial

overshoot of the needle at turn on. This is normal,
and that at least two seconds should be allowed after

turn on before the mcasurcment is taken.
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Buried Metal Detection

Set-up and Operating Procedure

The inphase component of the magnetic field

is significantly more scnsitive to large metallic
objects than the quadrature-phase componcnt used for
ground conductivity measurements.

The inphase component is readily measured with the
EM31 by simply taking the recading with the Mode
switch in the COMP position rather than in the
OPER position.

It is recommended that the 30 mmho/m range be used
since it usually gives adequate sensitivity, however
more or less sensitive positions of the Range switch
may also be used.

To carry out a survey measuring the inphase component
sct the Mode switch to the COMP position and adjust

the COARSE and FINE compensation controls so that

a meter deflection of about 20% of full scale deflection
is obtained. (The procedure of adjusting to 20% of
the full scale deflection rather than to zero is only
a convenience to allow for negative readings on the
meter and under certain conditions a possible change
in the reference level. For example, a sudden jar to

the instrument can result in a small positive or negative

change in the inphase reference level).

The survey is then carried out exactly as if the
conductivity were being mcasured.
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This lack of a true zero reference should not

cause any serious problems since when using the inphase
component one is usually only looking for buried metallic
objects.

These will be easily recognizable by relatively

localized meter deflections occuring either singly or

in a series of responses depending on the number of
buried objects, their spacing and depth of burial.

The 20% offset should only be used when the inphase
component only is being measured continuously. If

both conductivity (quadrature phase) and inphase
measurements are being made at each station the
procedure described in 2.1.2 (a) should be used so

that accurate ground conductivity measurements are
obtained. If negative inphase measurements are obtained
one should check the inphase reference level and/or

the area for buried metallic objects or utilities.

Similarly when the dual channel recorder is being used
there should be no zero offset as described in 2.2.1
(b) and the meter reading set to zero using the COARSE
and FINE controls as described in 2.1.2 (a).

A zero offset for negative inphase readings can however
be allowed for on the recorder by setting the zero
position of the pen at some arbitrary positive value

when calibrating the recorder.

INSTRUMENT CALIBRATION

Prior to shipping, the instrument is calibrated in the
factory to read properly. If necessary, calibration
procedures are easily carried out as described below.
IMPORTANT The most critical adjustment is the QF
(quadrature fine) potentiometer which has been

precisely adjusted at the factory.
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Before any adjustments arc made it is strongly i
recommended that the instrument first be set up at )
a fixed height over a known location and the ground

conductivity carcfully noted. 1If this adjustment

recalibrated over ground of known conductivity.

Null Calibration

i

|

|

is misaligned the instrument will have to be i
|

l

i

[

!

The zero setting of the EM31 can be readily set by

following the procedure described in section 2.1.1 i

(c). |
[
|

Absolute Calibration

Absolute instrument calibration is easily achieved if ‘
an area of ground is available of known and constant i
‘conductivity down to the depth of penetration of the ’
instrument. The procedure is simple; the instrument :
is located over the known area at the usual operating i
height (approximately Im) and the QF compensation ’
control 1s adjusted until the meter reads the correct ’
terrain conductivity. If the ground conductivity ’
is high the graph of Fig. 3 must be used to correctly J
set the instrument reading. . i
It is wise to maintain such an area as a calibration |
check area even if the variation of the conductivity
with depth at that area is not accurately known. !
This is useful for €ross checking with future ’
measurements. i
|
i
[
|
I

Note:

The QF and NULL controls are located under the
front panel. Battery pack should be removed to have
access.
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4. SURVEY TECHNIQUE

Surveying with the EM31 is straightforward. As pointed
out in a previous section, measurements may be made
either continuously or on a station-by-station basis.

In either case it is always recommended, as for any

other geophysical survey, that survey lines and measure-
ment stations be carefully laid out, and the survey
performed in a systematic fashion with the resulting data
accurately plotted for each measurement station. The
most common survey error is to have the survey lines too
short, in which case they do not extend sufficiently far
of f the supposedly anomalous region to permit the opera-
tor to establish the background valges of terrain conduc-

tivity.

The EM31 yields good spatial resolution and measurement
stations should be ten meters apart if the maximum reso-
Jution is to be employed. In many cases this spacing
will be smaller than necessary, and twenty or perhaps
forty meters will be adequate. The decision as to the
correct spacing will be based on a xnowledge of the
lateral dimensions of the anticipated resistivity- anomaly.
To ensure the correct spacing it is useful, at the start
of the survey, to continuously observe the conductivity
values that are encountered as the operator moves down

the survey line.

The resolution in conductivity of the EM31 is also high,
with changes of 5% being quickly perceived. This instru-
ment is capable of giving an extremely precise survey
with information on small variations in the terrain

conductivity.
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SURVEY TECHNIQUE (cont'd)

It was seen in Section 1 that current flow within the
earth consists of a series of concentric circles, assuming
that the conductivity is laterally uniform. Therefore
in the case of a uniform half-space, rotation of the
instrument in a horizontal plane about the transmitter
coil as a pivot will produce no change in the meter
reading. Conversely, any change in the reading as this
procedure is carried out is an indication of lateral
inhomogeneities in conductivity. It is simpler and usu-
ally sufficiently accurate for the operator to rotate
the instrument through 90° using himself as pivot at
each measurement station. Thus if the lines are in a
north-south direction the operator would normally walk
along the line with the instrument pointing in a north-
south direction; at each measurement station he can also
take a reading with the instrument pointing east-west

to check that this is essentially the same as the north-
south reading. - In—the event that this reading is signi-

i
=2

ficantly different it may be worthwhile for the operator

to then_rotate the»{pstrqgggg_ﬁg,the ingts_wHéienthé
conductivity reading is both a maximum_and_a_minimum,
and to record both values. The average value can then

be used for the data reduction.

The EM31 is somewhat sensitive to underground conductors
such as large pipes, etc. These are usually easily
recognized by the large meter fluctuations which occur
within a short distance, as shown in Fig. 2. 1In an
actual survey, since the negative-going peak is often
off-scale, it is not possible to use it to locate the

pipe; finding the point half way between the two positive-
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4, SURVEY TECHNIQUE (cont 'd)

going peaks approximately performs the Same task. It
is then Possible to accurately determine the location
and strike direction (azimuth) of the conductor axis

as follows: the approximate location is determined as

above, and a traverse is then made Over the conductor >

conductor axis.

The instrument is relatively unaffected by fences, over-
head power lines, ang other nearby metallic objects,
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4. SURVEY TECHNIQUE (cont'd)

In general the conductivity readings obtained with the
EM31 will vary smoothly from oneé region to another. In
some cases howevexr, as for example where a well defined
vertical contact separates a poor conductor from & very
good conductor, edge effects may be seen in which the
readings vary rapidly with position and are no longer a
good indicator of the terrain conductivity. Edge effects
may also occur where a very good conductor {(a few ohm-
meters Or less) has dimensions of the order of the inter-
coil spacing. and again the indicated readings may not
accurately reflect the true terrain conductivity. In
any circumstance where the apparent conductivity varies
significantly in a distance which is short compared with
the intercoil spacing the possible presence of edge ef-

fects Or local subsurface conductors must be considered.

Finally. particularly during mid-summer afternoons,
electrical static (electromagnetic radiation from local
or distant-thunderstorms) may cause the meter readings
to become NOisy- This is usually evidenced by sudden
flicks of the meter needle, however in very severe cases

\ the meter may simply wander about’ an average reading.

| should this occur it is recommended that measurements

! cease until the “spherics" are over, usually later in
the afternoon. similarly, noisy readings may also be

noted when making measurements near large power lines-

e

e e e
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DATA INTERPRETATION

Uniform Halfspace

The EM31 has been designed to operate over a range of
resistivities from a few ohm-meters to thousands

of ohm-meters. For smaller resistivities the instrumental
response departs from linearity as shown in Fig. 3, where
it will be seen that up to one hundred millimhos per meter
the indicated conductivity (ca) closely approximates the
true conductivity. A departure from linearity is evident
for true conductivity greater than one hundred millimhos
per meter and beyond one thousand millimhos per meter the
instrument response decreases with increasing conductivity.
As stated in the introduction, it is generally more infor-
mative to observe the spatial variations of terrain con-
ductivity rather than the absolute value of conductivity
itself. Fig. 3 shows that as long as the terrain conduc-
tiQity does not fall below five hundred millimhos per
meter (2 ohm-meters) the instrument will be adeguately
sensitive to ‘small changes in conductivity although it
does not read the actual value of conductivity accurately.
If necessary, Fig. 3 can be used to correct values of in-

dicated conductivity to actual conductivity.

It should be noted that the graph refers to the worst
case viz that of the uniform halfspace. If only a por-
tion of the subsurface ground beneath the instrument is
of high conductivity as in the case of horizontal
layering, the influence of the high conductivity layers
will be proportionately reduced and the indicated conduc-
tivity will accurately read the "apparent conductivity"

as defined in the following section.
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Multi-Layered Earth

A geophysical model that is of particular importance is
the horizbntally layered earth, and the EM31l.allows a

very simple interpretive technigque for this model. In
order to utilize the model the terrain layering must be
well defined and constant over a lateral distance of at
least five meters in any direction from the instrument.
This condition is often satisfied and this fact is res-
ponsible for the usefulness of the technique described

herein.

Fig. 4 is a plot of “R(z)", a function which describes
the cumulative relative contribution of all of the
material below a depth 2z to the instrument reading.
Thus if we multiply this function by one hundred (so as
to yield percent) all of the ground below a depth of
two meters yields 59% of the response, the ground below
three meters yields 47%, the ground below six meters
yields 29%, etc., assuming that the conductivity itself

does not vary with depth.

The algebraic expression given on the figure illustrates
the technique which is used to calculate the "apparent
conductivity” that will be measured by the instrument
for any numbef of layers, for any values of conductivity
and for any thicknesses. Consider for example Fig. 5,
which illustrates in cross section a buried river valley
cut into shale and subsequently infilled with glacial
till. We wish to calculate the instrument response as
such a structure is traversed. This is a two layer
problem and the expression for the apparent conductivity

reduces to:

Q

2

5 = 1.000 - R(Zl) + sz(Zl) (1)

—

L
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Multi-Layered Earth (cont'd)

The table accompanying the figure shows the calculations
which yield the value of apparent conductivity at various
thicknesses of the upper layer. Thus as we traverse such
a structure we would find that the apparent conductivity
fell from 32.6 millimhos per meter at a large distance
from the buried river valley to 16.0 millimhos per meter
at the center of the valley.

Fig. 6 illustrates a second situation where now the ob-
jective is to locate bedrock highs within muskeg. This
is again a two layer case and the table illustrates the
calculations to detérmine the apparent conductivity.

For this configuration, i.e. a conductor on top of an
insulator and k2 a small quantity, the measured apparent
conductivity becomes relatively independent of the actual
value of the conductivity of the lower layer. For k2<< 1,
the apparent conductivity simply becomes a function of
the thickness of the upper conductive layer.

Finally a third example is given in Fig. 7. 1In this case
we wish to traverse a thickening gravel deposit; the max-
imum thickness is such that the instrument still responds
to material below the deposit. This is an example of the
situation of an insulator sandwiched between two conduc-
tors and is inevitably the most difficult geometry for
electromagnetic systems to detect, as evidenced by the
tabulated values of apparent conductivity. Even at a
thickness of five meters (station D) there is still sig-
nificant response from the till beneath the deposit and
this response tends to keep the apparent conductivities

high.
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Fig.5 CROSS SECTION BURIED RIVER VALLEY
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Fig.7 CROSS SECTION GRAVEL DEPOSIT
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Multi-Layered Earth (cont'd)

The three examples show how to calculate the response of
the EM31 over a variety of geological environments. Since
the instrument operates at a fixed intercoil spacing it
is not possible to completely "sound" or evaluate differing
conductivity layers with depth. Section 5.3 will show how
to further resolve the two-layer case, however it is always
useful to be able to calculate the apparent conductivity
which would arise from a given multi-layer model to see

whether that model fits the measured data.

Fig. 8 shows the apparent conductivity over the two lim-
iting cases of a two layer geometry where the conductivity
contrast is very large. In Fig. 8A the upper layer is
assumed to be very resistive and the figure shows the

apparent conductivity with respect to the lower layer con-

ductivity (assumed known) as a function of the depth below
the surface of the lower layer, for values of k of ten and
infinity. Thus for large k the figure permits the operator
to quickly'convert the measured values of apparent conduc-
tivity to depth, and to estimate the error if the conduc-

tivity contrast is not infinite.

Fig. 8B performs the same task for small values of conduc-
tivity contrast. It should be noted that Fig. 8B plots
the apparent conductivity with r the u

pparen n y with respect to the upper layer
conductivity..

ik

It is stated in the data sheet that the effective depth
of penetration of the EM31 is approximately six meters.
Justification for this claim-is shown in Fig. 8 where it
is seen that for either a resistive (k = «) or conductive

(k = 0) upper layer the apparent conductivity is still

]
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Multi-Layered Earth (cont'd)

satisfactorily sensitive to changes in the upper layer
thickness at six meters. The limitation in
resolving further changes in thickness is imposed by

probable variations in the conductivity of either layer.

Geometrical Sounding of Two Layered Earth

It is possible with the EM31l to determine whether the
conductivity increases or decreases with depth by laying
the instrument on the ground, noting the reading, and
then placing the instrument on its side so that the
meter face is vertical and again noting the instrument
rqading. The reason for this is that when the instru-
ment is on its side the new transmitter and receiver
coil orientation with respect to the earth causes the
effective depth of penetration of the instrument to be
essentially halved. It should be noted that in this
configuration the current flow does not exhibit the cir-
cular symmetry shown in Fig. 1. Thus let o_ be the
apparent conductivity indicated by the instrument on the
ground in its normal operating position and let oa' be
the apparent conductivity indicated when the instrument
is lying on its side. {E_ga“is greater. than oa' we
know that the conductivity is increasing with depth and
vice versa. The ability of the EM31 to indicate whether
the conductivity is increasing or decfeasing with depth

is often of considerable diagnostic value.

It will be observed from the above that it is now pos-
sible to obtain two measured quantities at each measure-
ment station. In the event that the earth consists only

of two layers, there are three unknown gquantities 1i.e.
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Geometrical Sounding of Two Layered Earth (cont'd)

the conductivity of the upper and lower layer and the
thickness of the upper layer. If one of these is known
it is possible, using the technique described above, to
determine the other two. More importantly, when there
is a large conductivity contrast so that the conductivity
of either the upper or lower layer can be ignored with
respect to the other layer then it is possible to com-
pletely resolve the two layered earth. An example of
the importance of this can be seen in Fig. 8 which gives
the instrumental response as a function of upper layer
thickness for either a resistive or conductive upper
layer. In order to use these graphs it is necessary to
know the conductivity of the lower or upper layer res-
pectively, since both graphs are normalized with respect
to these guantities. Aq_iqigsgfife knowledge of o, in
the case of a resistive upper layer or 9, in the case of
a conductive upper layer can result in a substantial
error in the calculated thickness of the upper layer. Any
technique .which allows us to determine the conductivity
of the more conductiveblayer is of considerable impor-
tance since by definition the EM3l is most useful when
one layer presents a significant conductivity contrast

with respect to the other.

Fig. 9 shows a multi-layer response diagram R(Z), com-
pletely analogous to Fig. 4 but with the instrument now
laying on the ground. Fig. 10, which presents the
function R'(Z) as a function of depth is the same function
as Fig. 9 but now with the instrument rotated on its side
so that the meter face is vertical. It will be noted from
Fig. 9 that with the instrument on the ground in its nor-

mal operating configuration the total contribution from

|

i

T

{
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Geometrical Sounding of Two Layered Earth (cont'd)

all ground in excess of a depth of five meters is 34%
whereas Fig. 10 shows that with the instrument lying

on its side the ground in excess of five meters causes

a total contribution of only 17.5% of the total response.
This is the justification for stating earlier that the
instrument has effectively one half the depth penetra-
tion when lying on its side. Fig. 9 also contains a
plot of the ratio R'/R and Fig. 10 a plot of the ratio
(1-R'}/(1-R), both as a function of depth.

Case 1. 9, and 9, comparable and ol known. It is

shown in Appendix 1 that for this case

Ga
_a _, _ w .
R'(2) _ 9, o _ o, oy + Rol ~ 9, oy + R'cl
R(Z) - Oa ’ 2 - R~ = R'
5 1
1

thus given 0;', o,, and 0,

then gives the thickness of the upper layer as a function
of R'/R; with this thickness Fig. 9 or 10 is used to

R'/R is calculated; Fig. 9

determine R or R' and the second equation given above is
used to determine o, thus fully resolving the two layer

case.

Case 2. 9y and o, comparable and o, known. In this

case Appendix 1 shows that

g

_a

- r'(z) _ %2
R(2Z) o, ! 1 1 - R 1 - R'

92

o L
t
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Geometrical Sounding of Two Layered Earth (cont'd) -
Knowing oa', O, and Oy (1-R')/(1-R) is calculated,
Fig. 10 gives the thickness and given the thickness ~
Fig. 9 or 10 gives R or R' so that the second equation
given above is used to calculate 0y- -~
Case 3. Upper layer resistive. ol much less than 02. -
In this case Appendix 1 shows that
!
-~
R' (2) _ %a o _ Eg - %a
R(2) o ‘ 2 R R’

a L o
and the same proceedure as for Case 1 above is used to -
determine the thickness of the upper layer and the con-
ductivity of the lower layer.

-

Case 4. Upper layer conductive. oy much greater than 0y- l
Again Appendix 1 shows that [*
‘ o ' g g ! L'

1l - R (2) _ "a o _ a _ "a !

I - R(2) o, 1 T -R 1I-R' '

and the calculations for Case 2 yield the thickness and

the conductivity of the upper layer.

-1 T

To illustrate tne above let it be assumed that the upper
layer is known to be 10 millimhos per meter and the EM31

1

indicates 3.8 millimhos per meter when laying on the

4

ground in its normal configuration and 6.5 millimhos per
meter when lying on its side. Fig. 3, which also gives

the correction factor to use when the instrument is lying

—f

on its side, shows that no correction is necessary.
w i
St =

(‘\(\
—

-1
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Geometrical Sounding of Two-Layered Earth (cont'd)

Since the instrument has been calibrated to be operated
at one meter above the ground both of these numbers

must be multiplied by .88 since the instrument is being

used on the ground. This results in o, = 3.3 millimhos
per meter and oa' = 5.7 millimhos per meter. Then
ca'
. 5o — 1 57 _ 5
R' (2) 1 _ 10 - 0.64
R(2) 9, 3.3 _ .
= - 1 10
1

whereupon Fig. 9 shows that the thickness of the upper

layer is 1.25 meters and R(Z) = 0.825 whereupon

s %%t R 3.3-10+4085x10_ 4
2 R 0.825 =L

The technique for the other cases described above is

exactly the same.

The calculations described above assume that the earth is
known to be two-layered. It is possible to determine whether
this is true by heasuring the apparent conductivity with

the EM31 elevated to various heights above the ground and
comparing the results with a family of curves given in
Appendix II. If the measured variation of appafent con-
ductivity with height matches one of the curves, one can
immediately calculate the conductivity of both layers and

the thickness of the upper layer, as described therein.
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CASE HISTORIES: ELECTROMAGNETIC NON-CONTACTING GROUND
RESISTIVITY MAPPING

Introduction

This short note gives some illustrative examples of
surveys that have been carried out using electromag-
netic techniques to measure terrain resistivity.

The instruments employed were the Geonics Limited EM31
and a prototype version of the Geonics Limited EM34.
Both instruments were calibrated to read terrain con-
ductivity in millimhos per meter directly; however in
some of the case histories illustrated in this note
the measurements have been converted to resistivity

in ohm-meters.

Two features which often limit the usefulness of con-
ventional ground resistivity surveys are their high
cost and in some regions (granular material, frozen
ground) difficulties associated with generating suf-
ficient current in the ground. The use of inductive
electromagnetic techniques avoids both problems since
ground probes are not required. This allows measure-
ment over any type of terrain and greatly reduces the

time to perform a survey.

Basically the technique consists of energizing a small
coil at an audio frequency and measuring the resultant
total magnetic field from this coil and the ground
with another coil a fixed distance away. Theoretical
studies show that, if the intercoil spacing is main-
tained at a small fraction of the electrical skin

depth in the ground, all of the information about the
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Introduction (cont'd)

ground conductivity is in the quadraturce-phase response.
Furthecmore, the quadrature-phase response is essentially
linearly related to ground conductivity, thus permitting
an instrument design in which the output is calibrated

to read conductivity (or resistivity) directiy. Also
under these conditions, the effective depth penetration
of the system is determined by the intercoil spacing and
is independent of skin depth and thus of ground conduc-
tivity. This feature greatly simpliﬁies interpretation
of survey results. 1In order to vary the depth to which
the resistivity 1s sensed one simply varies the intercoil
spacing in analogy with conventional resistivity surveys.
Conversely each survey carried out at a fixed intercoil
spacing is essentially analogous to a survey carried out
with conventional resistivity equipment at a fixed inter-

probe spacing.

The Geonics EM31 is a one-man portable instrument de-
signed for ‘engineering geophysical applications down to
depths of the order of six meters. The intercoil spacing
is fixed at twelve feet (3.66 meters). The effective
penetration referred to above is an average value; in
those regions where a conductive medium is to be located
beneath a resistive layer the penetration depth is sub-

stantially larger.

The prototype EM34 is operated at two intercoil spacings
vis 50 and 100 feet, resulting in effective depth pene-
trations of the order of 75 and 150 feet (25 to S0 meters)
depending on the intercoil spacing employed for the
particular survey. Operation of:-the EM34 requires two
men; hewever measurements are still taken virtually as

fast as the team walks.
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Introduction (cont'ad)

Most of the case histories in the technical note have
been taken~with the EM31l; however in some cases data
from EM34 surveys are presented in order to further
elucidate the features of inductive electromagnetic

terrain resistivity mapping.

Example A: Heart Lake, Ontario (EM31)
Measurement Interval: 100 feet over till,

10 feet over sand/gravel

This survey line compares the results obtained with con-

W

ventional resistivity equipment (Wenner array with "a

spacings of. 1 foot and 20 feet) and the Geonics EM3l.

It is seen that over the till, where the resistivity is

slowly varying, the agreement between the two techniques
is excellent. 1In the region shown as "sand and inter-
pedded gravel" there was a good deal of concretion which
caused the resistivity to vary greatly over short dis-
tances and which accounts for the discrepancy between
the two téchﬂiques. Over the till the EM31 was read
continuously however the data was recorded, with one
exception, at every 100 feet. The exception occurred at
station 7+50 where it was noted that a local resistivity
high occuried; this was of course not observed on the
Wenner array since measurements were taken only at every
100 feet.

Example B: Sunnybrook Park (EM31, EM34)
Measurement Interval: 100 feet

This case history shows measurements made with both the
EM31 and the EM34 and illustrates the effective depth

penetratjon of the two systems. The second sheet shows
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Example B: (cont'd)

the results of expanding Wenner spreads at station 4+00
and 12+00. At station 4+00 we would expect the EM3l to
read approximately 40 ohm-meters and the EM34 50 to 60
ohm-meters, which is the case. At station 124060 the
resistivity increases with depth and thus the EM31 should
read a relatively low value and the EM34 a higher value
wnich 1ncreases with intercoil spacing. This is indeed

the case.

Example C: Cavendish Test Site (EM31)

Measurement Interval: 50 feet

This survey, which was carried out over line C to estab-
lish the overburden resistivity shows that with the
exception of the swamp area the overburden is extremely
resistive. The value of resistivity obtained over the
swamp is in good agreement with that f£from other measure-
ments. The example also illustrates the performance of
the instryment over zones A & B, both of which are small
highly conductive mineralized zones and cause the

instrument to read off scale.

Example D: ' Lake Scugog (EM31)

Measurement Interval: 50 feet

This survey illustrates the extremely high resolution
achievable with the EM31 or the EM34 systems since
neither technique requires electrical contact with the
ground. Resolution in conductivity of the order of 3%
or 4% is easily achleved and completely repeatable as
long as the terrain remains unchanged. The example also
1llustrates the speed with which a survey can be carried

out. In this particular case 1.9 line miles of survey
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Example D: (cont'd)

was performed in seventy minutes with a station interval
of 50 feet. Furthermore since the measurements were
actually taken continuously any unusual activity in the

resistivity between stations would have been recorded.

Example E: Ccooksville/Mississauga, Ontario (EM31)

Measurement Interval: 25 feet

This example illustrates a survey carried out with the
EM31 to search for a buried river channel. The channel,
which is filled with glacial till, has been cut into the
Dundas shale which, as seen from the example, has a
resistivity. of the ordéer of 25 to 30 ohm-meters. The
total time to plot out the profiles shown in the figure
was approxihately 2% hours, with a measurement interval
of 25 feet. A shortcoming of the technigque is seen on
line 5, where a region was encountered which was so con-

ductive that it was not possible to take readings.

The second shéet illustrates the application of the two
layer curves to interpret the survey results in terms

of depth.

Example F:, Discontinuous Permafrost (EM31)

Measurement Interval: Variable

These two examples were taken in Northern Canada and
compare the results obtained with the EM31 with a medium
frequency version o. the Radiohm (Geonics EM16R) tech-
nique operating at 250 kHz. The data interval is fairly
coarse, nevertheless there is good agreement between the

two techniques, which is particularly interesting in view

of the fact that the current distribution in the ground
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Example F: (cont'd)
is totally differeant for the two systems. Furthermore

the EM31 operates at a freguency of approximately 40 kHz

whereas the MF Radiohm operates at 250 kliz.

Example G: Pre-glacial River Valley (EM31, EM34)
Measurement Interval: 100 feet

Tals survey was performed to outline a pre-glacial river
valley whose existance had been suggested from water-well
data. The survey was performed with the EM34 at a station
interval of 100 feet and with intercoil spacing of both

50 and 100 feet. At either spacing the time required to
complete the 8400 foot survey line was 1% hours. The

same line was subsequently surveyed with the EM31.

Typical bedrock conductivity in the area is approximately
32 millimhos_per_meter, whereas an average value for the
conductivity of the infilling glacial till is of the order
of 8 to 12 millimhos per meter. Thus the EM34 at either
intercoil spacing yields approximately 30 to 34 millimhos
per meter at the valley edges where the overburden is thin
and 12 to 14 millimhos per meter at the valley center.

The EM31l yields values of 14 to 18 millimhos per meter at
the valley edges (slightly affected by the presence of
bedrock) and approximately 10 millimhos per meter at the
valley center. The interpreted depth of the valley, based
on the model shown in the figure, is approximately 120
feet which is in reasonable agreement with the water-well
data value of 150 feet, bearing in mind that the three
sets of data show that a two layer model is an over sim-

plification.

The conductivity high which occurs between station 32 and
38 results from a very large pile of waste furnace ash

lying. on the surface.
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APPENDIX I - Formulae for Geometrical Sounding of
Two-Layered Earth

In the case of a two- layered earth the apparent

conductivity is given by:

Q

= 1 -R+kR = R(k-1 +1 (1)

=l

with the instrument on the ground in its normal

operating position, and

@ - 1 -R' +kR' = R'(k-1) +1 (2)
O'l N .

Q

with the instrument on the ground on its side.

¥ case 1. Therefore

o '
a
2 -1
R 01 (3)
R Ua
2 -
%

and from the first and/or second equations, with

k =0, / 9y

0—01+R0 [of —01+R01 (4)

4 case 2. When the conductivity of the lower layer

is known, from equations .(1) and (2)

o, =0y - Ry * R, (5)

A

—
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!
-

Case 2. (cont'd)

- = - ' 1 -
a ' g ol R o1 + R 02 02

(1 - R')(Ol - 02)

oa - 02 = (1 - R)(cl - 02)
oa' :
— -1
1-r _ %2
l - R o,
— =1
g
2
o - o, - 02R } o' - °2R
1 - R 1 - R'

[N (RS (N (S (U (R S G G

Q
[}
n
Q
(¥}
o)

L] ~ ]
oa OZR
o 1
a _ R'
- R
_ %2
) and
- o o '
o = 2 _ a
2 R R'

¥ Case 3. When the upper layer is resistive and 0,

is much greater then 0y from equations (5) and (6)

Page 53

(6)

(7)
(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)
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When the upper layer is conductive and ¢

1’ from equations

ol(l - R)

R')
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2
(5) and (6)

(1le6)

(17)

(18)

(19)
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APPENDIX II - Determination of Two-Layered Earth Geometry
by Varying Instrument Height

The electrical conductivity of the earth often exhibits
horizontal layering and it is possible with the EM31 to
determine how closely this layering can be approximated by

a two-layered earth geometry.

Suppose measurements made with the instrument on the ground
have yielded different values of apparent conductivity when
the instrument meter is (a) face-up (i.e. the instrument 1is
in normal position), and (b) vertical (i.e. the instrument
is lying on its side). As discussed in Section 5.3 had the
value of apparent conductivity been the same in both posi-
tions we would know that the earth was homogeneous, but

the fact that the values are different for the two positions
shows that the electrical conductivity varies with depth.

We would now like to know whether the earth is two-layered.

To determine this we make measurements of the apparent
conductivity with the instrument at various heights above
the ground, as measured by the distance between the ground
and the nearest point of the white tube. It is suggested
that measurements be made at increments at least as small
as one-half meter, for an example at 0, 0.5, 1, and 1.5
meters. Measurements made at smaller increments will yield
greater accuracy, as will measurements made up to 2 meters
height if possible. Measurements should be made both with
the instrument in its normal position (meter face upright,
i.e. vertical dipoles,) and with the instrument on its side
(meter face vertical, horizontal dipoles) since it will ke
seen from the curves that the fall-off with height for these
two configurations is quite different and that this differ-
ence is therefore of considerable diagnostic value 1in
determining the two-layered earth characteristic. It is
important to make the measurements of height and apparent

conductivity as accurately as possible.




EM31

MANUAL
APPENDIX II - Cont'd Page 56
The curves in the two fiqures show the variation of
apparent conductivity (divided by upper layer conductivity)
for instrument height varying from 0 to 2 meters and for
five values of upper layer thickness vis. 0.5, 1.0, 1.5,
2.0, and 3.0 meters. The relationship is shown for both
vertical dipoles (meter face up, instrument in normal
position) and horizontal dipoles (meter face vertical,
instrument on its side) for various values of upper layer

to lower layer conductivity contrast.

To use the curves one proceeds as follows:

(1) Place a piece of semi-transparent paper over either
one of the graphs and on it plot the measured values
of apparent conductivity versus instrument height to
the scale used on the figures. Also sketch in on the
transparent paper at any point a horizontal or vertical
line to insure that when the transparent paper is
translated over the figures in step 2 it does not
rotate.

(2) Translate the transparent paper vertically and hori-
zontally (i.e. without rotation) across the various
plots shown on the figures to see whether the data
points can be matched to one of the curves. In the
event Ehat no satisfactory match is achieved the
earth cannot be represented by a two-layered case.

(3) If a satisfactory match can be achieved, the parameters
of the two-layered earth are immediately calculated as
follows: suppose that the measured values of apparent

conductivity with height are

Height = 0.0 0.5 1.0 1.5 2.0 meters
o (EM31 upright) 20.7 20.7 19.3 17.1 14.1 mmho/m
c'a (EM31 on side) 26.0 19.0 14.3 11.2 9.0 mmho/m
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APPENDIX II - Cont'd

Upon plotting these data values to the scale of the fiqures
and translating them we see that best agreement is achieved
for an uppér layer thickness of 1.5 meters and a conduc-
tivity contrast k = 0.5. We further observe that the
value of 20.7 millimhos per meter for Oa (instrument up-

right) corresponds to a value of Oa g, of 0.62.

Since ¢ = 0.62 when o_ = 20.7
a a
g1
. g, = 20.7 = 33.4 mmho/m
0.62
Since k = 92 = 0.5
g,
<+ g, = 0.5 x 33.4 = 16.7 mmho/m
and t = 1.5m from the figure.

The two-layered earth is fully resolved.

.

It will be observed that in some regions on these two
figures the resolution or differentiation between the
various curves is not very great. For example if one
examines the curves for t = 1.0 meters, and k = 100, 50,

or 20, one sees that these curve pairs are almost identi-
cal. If the process described in step 3 is carried out

for each of these conductivity contrasts the result of

the calculations will show that the lower layer conductivity
and the upper layer thickness are the same, regardless of
which of the three curve pairs are used, and that the only
calculated parameter that will vary will be the upper

layer conductivity which is very small. This is an example
of the well-known property of electromagnetic systems to

accurately give both the distance to a good conductor and

!




EM31

MANUAL " Page 58

APPENDIX II - Cont'd

the actual conductivity of the conductor but to poorly
define the intervening resistive material. A problem in
unambiguously matching the curves may also occur for
larger values of upper layer thickness, where the thick-
ness is sufficiently great to prevent accurate resolution

of its value.

These features notwithstanding it will be found that these
curves are useful in (a) deciding whether the ground re-
sembles a two-layer case and if so (b) giving a reasonably

accurate estimate of the electrical parameters.
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Appendix A-A2

Dual Tube Reverse Circulation Air Rotary Drilling Methods



- DUAL-WALL REVERSE CIRCULATION OFFERS.

HOW IT WORKS

The reverse circulation rotary
drilling method utilizes dual-wall
pipe, top drive rotation and a side
inlet for injecting the drilling
fluid, air or both.

When drilling with this system,
the drilling fluid is forced down
the outer annulus of the dual-wall
pipe to the drill bit where it is
then directed to the center of the
pipe. The air or drilling fluid
returns the cuttings via the inner
pipe at velocities in excess of
4,000 feet per minute.

The reverse circulation rotary
system uses flush-jointed drill
pipe and a drill bit sub designed
to fit snugly over the body of the
drill bit. This unique design per-
mits the bore hole to be cut with
a minimum of clearance and so
lessens the possibility of sample
contamination. This configuration
also minimizes the loss of air or
misting in vuggy or fractured for-
mations and will maximize the
geological sample recovery in
adverse conditions; conditions
that are nearly impossible for
rotary or diamond drills.

FOR HARD ROCK
FORMATIONS

When it becomes
uneconomical to drill in hard for-
mations with either a tricone or
roller button bit, the dual-walli
method can still be used to ad-
vantage with a down-the-hole
hammer drill.

An interchange sub is screwed
onto the top of the hammer drill
and then the complete unit is
screwed onto the dual-wall pipe.
In this configuration, the
rotating/percussion action of the
drill cuts the sample which
travels between the wall of the
hole and the outer barrel of the
hammer drill. As the sample
moves up the length of the ham-
mer drill it is directed into the in-
terchange sub openings where it
is air lifted to the surface through
the inner pipe.

" CONTINUOUS ———=
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EFFICIENCY, VERSATILITY AND ECONOMY

HOW LAYNE
MAKES IT WORK FOR YOU

Whether you call it the doubile-
wall pipe system, rotary con-
tinuous sample system or the
dual-wall system, the results are
the same ... Layne can provide
you with a faster, less costly way
to obtain the purest exploration
samples possible.

Uncontaminated Sampling

Since rock and water samples do
not come in contact with the bore
hole, there is no contamination
from the formation or erosion. In
extreme high water bearing for-
mations, down hole erosion may
occur due to fractures or gravel
formations. -

Faster Penetration

With top head drive rotary drills,
exploration proceeds up toc 15
times faster than with conven-
tional core drills.

Lower Operating Costs

In some cases, costs have been
reduced by 75%. Bit costs are
generally lower and the job is
completed in less drilling time. In

i
]

addition, expensive drilling muds
or additives are rarely used.

Straighter Holes

Flush-wall pipe with minimum
clearance results in less deviation
than with conventional drilling
methods.

No Surface Casing

The outer pipe supports the bore
hole while circulation is main-
tained internally.

No Lost Circulation

Circulation is maintained even
when drilling in vugs, fractures,
voids and joints thus avoiding ex-
pensive delays.

Improved Well Design

Betier samples provide greater re-
liability in well design, enhancing
results.

In-Place Water Sampling

Many geologic environments are
suitable for obtaining reliable’
waier samples from aquifer zones
during drilling operations,
eliminating the need for expen-
sive packers or other methods of
obtaining such samples.
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TYPICAL SCENARIO
FOR DUAL-WALL REVERSE CIRCULATION
DRILLING AND BORING PROGRAM

The general purpose for completing the soil boring is to provide detailed
characterization of subsurface hdyrogeologic conditions within the surficial
unconsolidated aquifer materials (soils above bedrock) and, at some locations,
characterization of the bedrock surface. Specific program objectives include the
tollowing:

1. Obtain continuous soil samples for purposes of characterizing and
classifying the stratigraphy of the unconsolidated soil materials overlying
bedrock. '

2. Determine the depth to bedrock and obtain samples of the underlying R
bedrock.:

3. Obtain additional stratigraphic information for comparative purposes by

gamma logging.

4, Obtain representative ground water samples for contamination field
screening (by headspace GC analysis) at specified depths within the
saturated soil column.

The selection of the appropriate drilling method to meet these four objectives
has been made with consideration of the following constraints:

1. The drilling method must permit the collection of representative ground
water samples at specified depth intervals for field laboratory screening
for selected compounds. Therefore, the method must NOT introduce
foreign liquids into the soil near the cutting edge of the drill stem, and
must provide sufficient working area within the drill casing to lower a
small pump for purging ground water or a bailer or similar device for the
collection of a representative ground water sample.

2. The method must be capable of installing temporary casing_to isolate
separate aquifers if encountered during the drilling process. To be cost
and time efficient, it should not be necessary to change drilling rigs or
get involved in long changeover times with one rig to install this
temporary casing. Impiied in this constraint is the ability of the drilling
method to continue to drill through the temporary casing.

3. Upon reaching bedrock in the boring, the method must be capable of
obtaining a core sample at least ten (10) feet in length of the bedrock.
Again, cost and time efficiencies demand that one rig with a minimal
changeover time be used.

4, Since there exists some possibility for encountering contaminated soils
during drilling, the method must control any solids and fluids removed
from the boring.



After long consideration and evaluation of various drilling methods, and other
options for the collection of subsurface samples, a procedure for drilling these
borings has been identified. This procedure meets all of the defined objectives
and operates within the constraints imposed by those objectives.

The selected method is an air-rotary technique known as the Dual-Tube Reverse
Circulation Method. This method consists of a water-tight steel casing or outer
tube of approximately 4.5 inches in diameter. Within this outer tube there is an
inner tube of 2.4 inches internal diameter. This inner tube is connected to the
outer tube at specified intervals, leaving an annular space between the dual
tubes. The lead casing of the inner tubes uses either a tri-cone rotary bit or
an open-faced toothed bit for cutting soil materials. The relative positions of
the two tubes are such that the leading edge of the bit is at the same depth
or lags slightly behind the leading edge of the outer tube. High velocity
compressed air, which is injected down the annulus formed by the two tubes
and through the bit, carries cuttings to the surface via the inner tube. Cuttings

are conveyed to a cyclone where the air velocity is reduced, the air is ™

discharged out the top and the solids (soils) fall out the bottom. The high
velocity of the air stream returns cuttings from depth to the surface with little
discernable delay. When it is necessary to provide permanent casing within a
boring to either isolate formations or to provide a cavity within which a
monitoring well can be constructed, the dual-tube method requires the use of
a separate casing, known as the overshot pipe.

The overshot pipe is steel with an inside diameter of approximately five (5)
inches. To install the overshot pipe, high pressure water and/or air and
hydraulic pressure are used to jet the overshot around the duai-tube. At some
sites, it can be anticipated that a confining layer separating water bearing units
will be found at some depth. If contamination exists in the overlying water-
bearing unit, it will be necessary to isolate the upper portion of the boring from
the contamination so that contamination cannot migrate through the boring to
the lower water-bearing unit as drilling proceeds. This would be accomplished
by first using the dual-tube to drill to the confining layer. The overshot pipe
would be advanced to the depth of the confining layer and a seal would be
made. Dual-tube methods would then be used to continue the boring through
the confining layer and into the underlying formation(s).

The dual-tube string, as mentioned above, has an inside diameter of 2.4 inches.
This cavity is continuous from the top of casing through the bit if the open-
faced toothed bit is used as the cutting tool. If coring of bedrock is necessary,
it can be accomplished through the duai-tube string (with open-faced bit) using
AQ coring equipment. AQ coring equipment has an outside diameter of 1.89
inches and yields a core with an outside diameter of 1.062 inches.

This description of the dual-tube method and equipment makes it clear as to
why it is the selected method for the soil borings. The duai-tube method
provides continuous soil samples (although not for headspace screening
purposes), formation isolation capabilities and bedrock coring all from the same
drilling rig. Other, less obvious advantages can also be found in the dual-tube
method. These include: *



1. Air discharge from the cyclone, if contaminated, can be directed well away
from the work area with the use of a hose connected to the top of the
cyclone. '

2. Soil discharge from the cyclone can be directed directly into a container,
thereby controlling contamination (when present), and keeping the work
area clean. '

3. Representative ground water samples can be collected from within the
dual-tube. :

4, No foreign liquids are used during drilling.

5. The method is very fast; at other locations in similar soils, 100-foot soil
borings have been completed in a period of three hours or less.

The disadvantages of the dual-tube method are no more restrictive than any
other drilling method. Heaving liquified soils are always a problem when they
enter the drill casing, and no drilling method can deal with them well. The only
time soil heave is likely to occur is when the air-flow is shut off to allow
sampling of ground water. Soil heave in this situation is not a problem
provided that it is recognized that the first cuttings returning when the air-flow
is resumed are those that have heaved into the casing. Another potential
disadvantage of using the dual-tube as described above involves the need for
the open-faced drill bit when bedrock coring will be required. Boulders
approximately one-foot In diameter can “seat' themselves directly on the bit,
making it virtually impossible to drill through. The tri-cone rotary bit will be
used on all borings that will not be coring bedrock.
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ne of the most challeng-
ing tasks facing the
ground water profes-
sional is evaluating the
vertical distribution of
subsurface contamination. Dual
tube drilling methods allow the
collection of ground water sam-

ful in this type of ground
water sampling. However, the
utility of the dual tube drilling
method is quickly being un-
derstood as an extremely effi-
cient and cost-effective
method for determining spe-
cific aquifer information from

ples with depth during drilling,
and minimize cross-contamination
while providing site-specific infor-
mation within the borehole.

the collection of ground water figure 1. In reverse circulation sampling, air is
samples with depth. injected down the outer annulus of dual-walled
Dual Tube Methods pipe, causing air and samples to flow up the
inner pipe.
Dual tube drilling, also il

Collecting ground water sam-
ples with depth is useful not only
in detecting the contamination,
but also as a design tool for moni-
toring systems. Multiple monitor-
ing nests are often installed in the
initial phase of a hydrogeologic in-
vestigation in an attempt to evalu-
ate the distribution of vertical con-
tamination.

A common problem which aris-
es is the improper vertical place-
ment of screened intervals, due to
lack of existing site information.
One approach to designing a mon-
itor well network is the collection
of ground water samples with
depth during well installation.

The use of screened hollow stem
augers has proven to be very use-

called reverse circulation drilling
and center sampling recovery, pro-
vides the collection of continuous
representative samples from a
borehole with virtually no cross-
contamination of the samples. In
addition to the collection of geo-
logical samples, ground water
samples also can be collected from
the borehole during drilling oper-
ations in order to determine differ-
ences in contaminant concentra-
tions with depth. :
This is possible due to the unique
design of the drilling system. Dual
tube drilling uses rotary drilling
methods, including either a rotary
bit or down-the-hole hammer to
advance through the formation.
The flush-threaded, dual-walled

pipe is joined to the bit by a driil bit
sub, and both are advanced simul-
taneously (see figure 1).

The drilling fluid, preferably air
or mist, is forced down the outer
annulus of the dual-walled pipe,
and directed to the center of the
pipe. The size of the borehole is
such that there is a minimal clear-
ance between the bit and the
drilling pipe, which minimizes
cross-contamination along the an-
nulus of the borehole.

The cuttings are discharged
through the inner annulus to the
surface within fractions of a sec-
ond, allowing immediate determi-
nation of the lithology. It also is
important to note that formation

(Continued on next page)
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cuttings and ground water sam-
ples don’t come into contact with
the overlying borehole materials.
During drilling, ground water
samples can be collected at select-
ed intervals as the borehole is ad-
vanced. Due to the design of the
system, ground water is allowed
to enter only through the open
bottom of the borehole. Thus, the
sample collected is representative
of the actual ground water in the
formation at the open interval.
Samples can be collected by low-
ering a pump intake line or a bailer
through the inner tube of the
drilling column. Several volumes
of water may be removed prior to

=
i : ; collection in
Sand & Gravel ! ! ' 4 . .
g 'Sand & Gravel order to insure
615 oo TCE fl. ot | | a representative
NoPCEcereced 1= o 01gonTCE = TCE not detected ample
Sand 0.7 ppo PCE i No PCE catected {g__ PCinotcesces | oS
Sand & Grave L osomrce ' When using a
- PCEnot aetected | e bailer, lower
32000 TCE :Sana&Gravel < TC&not desr-o and raise the
| PCEnotcetected PCEnotosecies | 070
) : bailer slowly
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Sand PCE no getectsd ¢ motion to avoid
‘ Sand volatilization of
e | potential con-
e ;950 “"‘:T'g; : TCE not carecte L,  TCZnatdersciza taminants.
~ oo ile 102 0 #CE == 0.5 gpo PCE .
JgsancPaCTCE et | i ’ When using a
15pp0 PCE 2 _ 22700 H B
PCE not getected | y pump, don’t
Bedrock ! Bedrock allow the in-
LEGEND take line to ex-
= mmﬂ Figure 2. | :nn:::?n';‘n:.:m tend to the bot-
tom of the

drilling tools — rather, place the
line several feet above the bottom.

If possible, use a photoioniza-
tion meter during drilling and
sampling procedures, and screen
the samples prior to submitting
them to the laboratory. It’s helpful
to the lab if you can estimate
whether the sample will have high
or low detects of contaminants.
High levels of contaminants when
not expected can result in labora-
tory equipment being shut down
for days in order to decontaminate
the machines.

Samples can be collected in
VOA vials and immediatelv ana-
lyzed by gas chromatography

methods in the field, and/or
transported to a laboratory for
analysis. It's best to collect at least
two vials for each sample, to aliow
for sample breakage and unex-
pected analytical duplicates. Ad-
ditional samples can be collected
for field screening, indicator pa-
rameters (pH, specific conduc-
tance, temperature} and additional
laboratory analyses.

Properly label the sample bottles
with the well number, sample
depth, date and time. Samples
should be immediately stored on
ice and warmed to room tempera-
ture prior to analysis. ~

During the collection of ground
water samples, stringent decon-
tamination procedures should be
followed. These include:
® Washing the sampling equip-
ment with laboratory-grade deter-
gent and several rinses with dis-
tilled water between each sample.
® Replacing the rope or tubing
after each sample collection.
® Using gloves when handling the
sampling equipment or bottles.

It’s important to note that in
fine-grained formations, bridging
of sand in the drilling tools may
not allow the collection of a
ground water sample:

Case Study

A subsurface investigation was

completed to determine the source

Bo’s and Dont’s for Collecting Samples
When Using Dual Tube Drilling

# DO decontaminate the samplmg
equipment thoroughly between
each sample.

® DO replace the bailer rope or
plastic tubing between each sam-
ple.

® DON'T surge the bailer up and
down. Lower and raise the bailer
into the well slowly with a smooth
motion to ensure a representative
sample and to avoid volatilization

of potential contaminants.

® DO collect at least two vials for
each sample to allow for sample
bottle breakage and unexpected
analytical duplicates.

® DO use a field ionization meter
to screen the samples before sub-
mitting them to the laboratory. It
will help if you can estimate if the
sample will have high or low de-
tects of contaminants.

¢ DO label the samples immedi-
ately after collection. Place the
samples on ice, complete the nec-
essary chain of custodv records
and transport the samples to the
laboratory as soon as possible.

® DO use cross-section maps in
addition to tables to evaluate the
results received from the use of
vertical sampling with depth dur-
ing drilling. Q
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and extent of a trichloroethylene
(TCE) ground water contaminant
plume. Several deep monitoring
wells were installed at the site,
using the dual tube method.

Water quality samples were col-
lected at 20 foot intervals to a
depth of 150 feet in order to deter-
mine the variations in ground
water quality with depth.

Concentrations of contaminants

depths within the aquifer, which
may have been missed during the
installation of a standard monitor-
ing network due to improper ver-
tical placement of screened inter-
vals. Figure 2 shows the results of
the samples which were collected
from two of these wells during
drilling. ’

The contaminant plumes detect-
ed during the investigation may
have bzen missed during the in-
stallation of a standard monitoring
network due to improper place-
ment of screened intervals. Figure
3 shows the hypothetical place-

\

were detected at two distinct

ment of a screen in coarse material
overlying bedrock.

However, in this case, the con-
taminant plume wasn’t located di-
rectly above the bedrock, but
rather tens of feet above it. The in-
stallation of a screen in the coarse
material would indicate a lack of
contamination (as shown in the

collection of the sample at depth
in figure 2).

In addition, concentrations of
the contaminant in between these
plume areas were minimal or
nonexistent, insuring that cross-
contamination between the sam-

Figure 3. Specific placement of monitoring wells is necessary to detennine the extent of a contaminant plume. '

An end section of reverse circulation drill pipe.

ples was minimized.

Evaluating the vertical distribu-
tion of contamination with depth
is critical in determining the ap-
propriate screen depths of moni-
toring wells. The collection and
analysis of ground water samples
with selected depths during
drilling provides the water profes-
sional with a definition
of ground water quality
with vertical distance.

And the most efficient
and cost-effective
method of collecting
ground water samples
with depth is through
the dual tube drilling
method, which allows
collection of the sam-
ples at selected depths
while minimizing the chance of

cross-contamination. a

Lori Huntoon Pencak is staff hudro -
geologist — project deveiopment for
Geraghty & Miller Inc., Milwaukee,
WI.
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Appendix A-A3

Operator’s Manual for the OMNI IV Magnetometer
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